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TABLE  B-1 

Summary  of  Ditch  water  Elevations 
All  Values  Recorded  at  MSL 

1  June  1988 


Staff  Gauge  Gauge  Elevation 


Surface  Water  Elevation 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


758.89 

768.72 

732.99 

738.67 

738.87 

734.65 

732.65 
737.05 
740.24 
742.22 
742.13 


755.6 

764,85 

740.14 

735.12 


729.15 

733.4 

740.28 


Locations  of  Staff  Guages  are  shown  in  Figure  3-3 
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TABLE  B-2 

SuMMry  of  GrotMiuator  Elovation* 
All  Value*  Recorded  at  feet  Above  HSL 
1  June  1988 


Nonitoring 

Ground 

Top  of 

Top  of 

Botteai  of 

Groundwater 

well 

Elevation 

PVC  Elevation 

Screen  Elevation 

Screen  Elevation 

Elevation 

1-1 

774.9 

776.78 

760 

755 

772.28 

1-2 

763.53 

765.15 

756 

746 

760.61 

1-3 

1-4 

762 

763.16 

7iS 

718 

759.16 

772.72 

775.35 

764 

747 

762.72 

1-5 

784.2 

786.47 

778 

764 

778.81 

1-6 

762.6 

764.69 

739 

726 

758.51 

1-7 

796.08 

797.83 

773 

743 

781 .31 

1-7A 

1-8 

.. 

.. 

769 

739 

763.2 

764.95 

744 

729 

758.67 

1-9 

761.7 

764.2 

748 

733 

756. U 

1-10 

765.2 

765.99 

745 

730 

759.34 

2-1 

756 

757.35 

730 

720 

752.4 

2-2 

764 

766.54 

724 

714 

753.03 

2-3 

762.3 

762.5 

735 

730 

757.12 

2-4 

762.1 

764.45 

730 

725 

757.67 

2-5 

759.4 

761.95 

744 

729 

742.76 

2-6 

.. 

748 

733 

-  - 

2-7 

756.2 

758.23 

744 

729 

749.34 

2-8 

763.6 

766.19 

7U 

734 

-  - 

3-1 

742.6 

743.69 

697 

692 

723.55 

3-2 

743.0 

744.57 

723 

708 

723.77 

3-3 

742.3 

743.92 

722 

717 

725.58 

3-4 

742.9 

744.49 

700 

695 

723 

3-5 

745.5 

746.07 

725 

710 

723.47 

3-6 

744.7 

746.64 

722 

712 

723.69 

3-7 

741.7 

743.86 

724 

714 

724.22 

3-8 

742.7 

744.8 

670 

660 

723.77 

4-1 

762.92 

764.01 

741 

726 

740.04 

4-2 

757.17 

758.38 

731 

717 

745.80 

4-3 

759.66 

760.8 

724 

719 

732.12 

4-4 

763.24 

764.34 

736 

731 

746.30 

4-5 

764.2 

765.78 

743 

738 

757.41 

4-6 

777.74 

777.74 

743 

728 

770.42 

5-1 

752.25 

753.79 

722 

717 

736.63 

5-2 

754.22 

755.49 

730 

725 

738.81 

5-3 

755.36 

756.5 

718 

713 

735.59 

5-4 

754.17 

755. U 

722 

717 

742.24 

5-5 

751.2 

753.34 

734 

724 

741.47 

5-6 

759.2 

761.66 

742 

732 

745.54 

5-7 

773.1 

775.75 

747 

737 

763.05 

6-1 

775.33 

777.31 

755 

750 

766.93 

6-2 

788.37 

790.16 

764 

759 

769.25 

6-3 

788.08 

789.32 

769 

764 

785.60 

6-4 

781.05 

762.59 

768 

758 

776.49 

6-5 

779 

781.48 

748 

733 

763.73 

6-6 

779.22 

780.87 

756 

741 

765.77 

6-7 

799.47 

800.75 

790 

775 

791.09 

7-1 

747.8 

748.91 

723 

708 

725.47 

7-2 

747.5 

748.82 

729 

709 

729.22 

7-3 

744.1 

745.68 

719 

704 

739.60 

7-4 

742.1 

743.84 

717 

712 

725.52 

7-5 

A0039 

748.1 

749.35 

728 

708 

725.69 
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TABLE  B'2  CCont.) 

Summary  of  GroiaidHater  Elevations 
All  Values  Recorded  at  Feet  Above  NSL 
1  June  1988 


Monitoring 

Ground 

Top  of 

Top  of 

Bottom  of 

well 

Elevation 

Screen  Elevaf 

7-6 

745.5 

746.84 

712 

717 

7-7 

741.8 

743.82 

724 

714 

7-8 

742.8 

745.12 

726 

716 

7-9 

745.8 

748.08 

728 

718 

7-10 

743.9 

746.2 

727 

717 

7-11 

741.56 

743.55 

726 

716 

7-12 

741.6 

744.03 

669 

659 

7-13 

746.8 

749.45 

725 

715 

MU-1 

821.37 

822.58 

-- 

-- 

HU-2 

811.17 

812.21 

-- 

MU-3 

780.05 

781.2 

-- 

-- 

MU-4 

766.28 

767.51 

-- 

-- 

MU-5 

820.76 

804.34 

-- 

-- 

8-1 

751.26 

750.51 

726 

711 

8-2 

753.42 

755.96 

743 

713 

8-3 

752.56 

751.83 

730 

715 

8-4 

762.06 

764.28 

750 

742 

8-5 

783.86 

785.81 

772 

756 

8-6 

751.84 

754.57 

730 

720 

8-7 

750.7 

753.14 

722 

712 

8-8 

751.67 

754.02 

718 

708 

9-1 

740.16 

741.29 

728 

701 

9-2 

740.56 

741.62 

706 

701 

9-3 

739.46 

740.86 

706 

701 

9-4 

743.16 

744.67 

729 

701 

10-1 

855.72 

856.9 

842 

837 

10-2 

854.41 

854.99 

826 

821 

10-3 

836.43 

837.61 

817 

812 

10-4 

842.78 

843.88 

813 

808 

10-5 

830.28 

832.13 

820 

815 

10-6 

854.73 

856.49 

821 

806 

11-1 

790 

791.3 

771 

766 

11-2 

790.89 

792.12 

772 

767 

11-3 

806.82 

808.72 

783 

778 

11-4 

794.15 

795.15 

775 

770 

12-1 

-- 

-- 

-- 

-- 

12-2 

742.3 

744.49 

725 

715 

12-3 

742.5 

744.45 

726 

716 

12-4 

743.3 

745.30 

726 

716 

12-5 

746.2 

748.22 

722 

712 

12-6 

743.3 

745.26 

667 

657 

14-1 

745 

746.93 

727 

717 

14-2 

735.83 

737.78 

723 

713 

14-3 

735.33 

737.78 

725 

715 

14-4 

736.13 

738.6 

667 

657 

16-1 

855.7 

857.93 

828 

818 

16-2 

762.6 

764.38 

739 

729 

16-3 

765 

766.56 

741 

731 

16-4 

763 

764.91 

731 

721 

16-5 

761.6 

763.04 

738 

728 

16-6 

738.26 

740.27 

659 

649 

16-7 

738.3 

740.43 

719 

709 

16-8 

747.1 

749.94 

735 

725 

16-9 

747.1 

750.01 

709 

699 

16-10 

762.7 

765.45 

710 

700 

16-11 

762.9 

765.06 

712 

702 

A0039  B-3 


Groundwater 

Elevation 


725.51 

725.29 

725.01 

726.22 
725.41 
724.97 
722.60 
725.46 

789.77 

789.44 

768.53 
759.84 
794.09 
732.04 

733.48 

743.48 
748.88 
770.27 

729.58 
725.87 

725.71 

728.22 
726.07 

728.66 

729.67 

838.77 

830.72 
828.26 

818.48 

817.73 

832.53 
785.06 
782.71 

790.45 
786.40 

724.17 

723.05 

724.83 
724.06 

723.96 

726.74 
725.00 

724.96 
724.82 
832.66 
754.39 
755.26 
754.81 

749.96 

726.84 
728.06 
737.38 
727.73 

750.59 
721.91 


TABLE  B*2  (Cont.> 


Sunsary  of  Groundwater  Elevations 

All  Values  Recorded  at  Feet  Above  HSL 

1  June  1988 

Monitoring 

Ground 

Top  of 

Top  of 

Bottom  of 

Groundwater 

Well 

Elevation 

PVC  Elevation 

Screen  Elevation  Screen  Elevation 

Elevation 

16-12 

773.8 

776.17 

753 

743 

762.02 

16-13 

773.38 

775.4 

766 

756 

767.57 

17-1 

838.59 

842.42 

779 

754 

808.87 

17-2 

821.29 

824.91 

766 

741 

799.10 

17-3 

776.42 

780.04 

712 

687 

763.75 

17-4 

782.32 

785.82 

710 

685 

774.54 

17-5 

785.2 

737.66 

773 

763 

778.51 

17-6 

788.2 

790.46 

771 

761 

760.57 

17-7 

746.1 

748.6 

730 

720 

736.69 

17-8 

745.4 

748.14 

662 

652 

737.47 

17-9 

737.45 

740.05 

736 

726 

732.82 

17-10 

737.45 

740.04 

728 

718 

720.07 

18-1 

738.2 

740.30 

726 

716 

727.03 

18-2 

737.5 

739.73 

725 

715 

731.17 

18-3 

740.12 

738.0 

728 

718 

729.01 

18-4 

739.2 

741.51 

727 

717 

727.a 

18-5 

739.9 

741.96 

727 

717 

727.55 

18-6 

736.5 

738.59 

724 

714 

726.67 

18-7 

737.4 

739.26 

654 

644 

726.85 

Not«:  Some  of 

the  screen  depths  have  been  estimated  from  boring  logs. 
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APPENDIX  C 


GEOLOGIC  DRILL  LOGS 
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NOTE:  ELEVATIONS  A8E  IN  FEET  ABOVE  KEAN  SEA  LEVEL 


GEOLOGIC  DRILL  LOG 


SwKiil* 


2/2/St  I  2/3/St 


SILTY  CLAY  :  trae*  of  fill  and  Ugnita  CragmanU,  low 

plaatieity,  moiat,  traea  tad  inottUnf,  madiuni  brown 


CL  bcH  abundant  mottling 


CLAYSY  SILT  ;  wail  aortad,  abundant  elar,  traea  of  Ugnita 
fragraanta,  moiat,  abundant  mottling,  rad'brown 


aama  aa  abora 


I 


aoma  clay,  traea  earboniaad  amall  nodulaa 


SILTY  CLAY;  araU  aortad,  aoma  tilt,  traea  Ugnita 
firagmanta  medarataiy  piaatie,  moiat  to  wot, 
rad'browB 


aanie  aa  above 


abundant  ailt 


BY' iBit-w %i(« 


Mili 


GEOLOGIC  DRILL  LOG 


-K' 


LCAAF 


X 

*r  o 


I 


OKSCKIFTXON 


ISSS  It  6  ^ 

6 
I 


•am*  above 


14  SS  4t  10  ^5 

12 

14 


SILTY  CLAY:  wall  tortad,  trace  ailt,  low  plaatieity,  moiat, 
trace  mottUac.  dbrit  gray 


SHAUt:  veil  aortad, trace  ailt,  biable,  moiat,  dark  gray 


IS  SS  4  40  ^10 

SO 

SO/1' 


lo  ss  SM/SY 


Sh  ^  lifhtswy 

ef  boriag  •  SO.O  feet 


a  in,IT 


a  CQHTINUOUS  SAMOISR 


GEOLOGIC  DRILL  LOG 


2/19/tt  2/20/n 


"744.f0 


wili 


LCAAP. 


Mud  So 


742.70 


1  of  4 

3-8 

4"  PVC 


21.037721.67’  6/1/80 


l‘l fi  \'/  \i(»  :■  *  ■  * -W  i  -f  v-i  ij.] 


C-6 


GEOLOGIC  DRILL  LOG 


2/S/tt  2/5/tt  I  U 


1  of  3 


B-61/HSA 

12" 

4"  PVC 

5 

C-11 


GEOLOGIC  DRILL  LOG 


2/7/lf  2/7/ti 


li»]  imVl  \L'* 


LCAAP.  lad* 


1  of  2  I  7-11 


B-dl/HSA 

12" 

4"  PVC 

2 

TOPSOIL:  claycjr  huniu,  »«U  «oft«d,  low  plattieity,  moist, 
block 


SILTY  CLAY:  soino  silt,  sbundsat  roots,  low  pissticity, 
moist,  sbundsot  mottUnc,  block 


obundoot  silt  oad  Ufnito  oUuvium,  soms  cloy  nodulo 
formotioD,  vsrticol  solution  chooools,  rod-brown 


CLAYEY  SILT:  obundont  cloy,  troco  fins  send,  some  block 
cloy  nodulos,  obundont  raottlinc,  wot,  rod-brown 


ML  I  1  intorioyod  cloy  lonsos,  modium  gray 


SAND:  Rno,  woU  sottod,  traco  silt,  soturatod,  obundont 
mottling,  modium  brown 


soms  intorioyod  silt  lonsos 


GEOLOGIC  DRILL  LOG 


LV«EJf1g:?NI 


LCAAP,  ladcpradtact.  Mo. 


1  of  4  1  7-12 


hir  4^^HlinLl 


IM  Hi  VI  411a* 


2/9/8S  l2/10/Stl  Lomo-Wostora  I  Gardner  Davr  500 


4"  PVC 


w 1 4 r 4 1 i  H  fi  !■  LV,wf»  'gr  >  I'* 


21.437720.17*  6/1/gg 


FOR  INFORMATION  FROM  0  -  2S  FEET,  SEE 
GEOLOGIC  LOG  7-11 


AA 

Independence.  Mo. 


1  of  4  7-12 


C-15 


C-16 


C-17 


C-19 


Mllil 


GEOLOGIC  DRIU  LOG 


C-21 


LVyEJflCiiN 


GEOLOGIC  DRILL  LOG 


2/l</ttl2/17/ni  u 


C'2i 


C-26 


SAMPLE  NO 


GEOLOGIC  DRILL  LOG 


2/1/88  2/2/88 


Hii 


LCAAP,  ladepcadeace.  Mo. 


ii']  4ii; 


ii '  I  ■  ■  n  I  /Til  —I  M  K 


B-61  HSA 


746.20 


24.167722.04*  6/1/88 


1  of  2  12-S 


34.00’ 


PILL:  ailty  clay,  tnc*  tilt,  roots  and  Ugrots  alluvium,  low 
plaatieity,  moist,  abundant  mottling,  intarlayad 
gny,  rad-brown,  dark  brown 


madium  brown 


ttaca  vartieal  solution  ekaanals 


SAND;  fins,  wall  sortad,  abundant  silt,  abundant  mottling, 
moist,  tracs  vartieal  solution  channals,  madium  gray 


soma  silt,  no  solution  channals,  moist  to  wst 


SM  ri  nxdium  brown 


ML  rr  I  SANDY  SILT:  abundant  flna  sand,  modarataly  sortad. 
If :  moist  to  wst,  madium  broam 


SILTY  SAND;  fina,  modarataly  sortad,  abundant  silt,  moist 
to  wat,  madium  broam 


ss  a  gpin 

r  tpon  1 

C  ■  COR 

( 

•*3I‘TJ  T 

«  niTTi 

1  of  2  12-5 


C-27 


GEOLOGIC  DRILL  LOG 


2/15/SS  2/16/M  U 


Hia 


LCAAP,  ladcDcadcace.  Mo 


HSA/Tri-coao 


ll»T  111  VI  41! 


r  niif  II 1 

II  K  W  1  1  II  Ml 

4"  PVC 

86.50’ 

TOPSOIL:  clayay  humua,  fina,  abundant  roota,  moiat, 
black 


CLAY:  traea  tilt,  lignita  alluvium  and  roota,  moiat, 
abundant  mottling,  rad*btoam 


intarlayarad  with  aand 


SAND:  Una  to  madium,  modarataly  aortad,  traca  ailt  and 
lignita  fragmanta,  aoma  thin  clay  lanaaa,  aaturatad, 
abundant  mottling,  rad-brown 


SILT:  modarataly  aortad,  traea  lignita  fragmanta,  aoma  thin 
clay  lanaaa,  aaturatad,  abundant  mottling, 
rad-broam 


aama  aa  abova 


SAND:  flna  to  madium,  arall  aortad,  traea  ailt,  aaturatad, 
brown 


aama  aa  abova 


GEOLOGIC  DRILL  LOG 


aWEWsN 


LCAAF.  IsdcMadMC*.  Mo. 


iiziixua 

2  of  5 

12-6 

n 


GEOLOGIC  DRIU  LOG 


Will 


II*:  imv:  -iiij 


•  4  •  413  \ 


PMZ  HO. 

Twmar 

1  of  2 

14-1 

l/24/ft 


R.  BeMCtt 


HSA 

10- 

4-  FVC 

35. 

fiSOJND  BLeVATIOi - 

20.19*/724J1*  4/1/88 


:i5 


FHX:  nity  el«yi  •bundMl  iilk,  traca  rooU,  lo«  pUatieity, 
moiat,  trae*  mottUnc,  dark  brown 


mixtura  clay,  tilt,  and  fina  taad,  traca  ebaraa  giaval, 
raadium  brown 


SILTY  CLAY:  tona  tilt  and  hunma,  nwdarata  plaaticity, 
wat,  traca  raottlinc,  black,  oldar  toil  botiaon 


oldar  toil  horiaon 


abundant  tilt,  traca  fina  tand  and  lignita  fragnanta,  loa 
plaaticity,  moiat,  tonM  mottli^,  dark  gray 


traca  tilt  and  lignita,  abundant  mottling,  medium  gray 


CL  I  I  abundant  lignita  Iragmtnta 


H' 


SAM):  flaa  to  nuithwi,  ntedtlily  aectad,  traca  tilt  i 
Ugntta,  tatnratad,  madhim  brown 


C-36 


JWEWsfill 


izj!! -MX*  JB  LI' ■  I 


1  of  2  I  14-3 


GEOLOGIC  DRILL  LOG 


LvyEJfi^rsNl 


IIXI  I 


It'll ' 


2/17/M  1 2/lt/M 


GardiMr-Davr 


iko  jn  ;>  i  •  ■■4<a7.^<(»  — 


-f  V  I  I:ii1 


IWT II  ' 


738.(0 


736.13 


13.78V722J5’  6/1/88 


ss  •  in.IT  MOi  c 


FOR  INFORMATION  FROM  0  •  M  FEET,  SEE 
GEOLOGIC  LOG  14-S 


1  of  4  I  14-4 


C-40 


C-41 


wili 


GEOLOGIC  DRILL  LOG 


1  LCAAP.  Idda 

PMdCMt,  Mo. 

3  Of  4 

8 

X  -• 

t-  o 


6  SS  -4 


r  ss  1  13 

13 

13 


a  ss  14  14 

14 

15 


DQEDI 

y.:  ii.M'ih.  imm  . 


SM  SAND:  fin*  to  madium,  modantaly  lortod,  tne*  lUt  and 

|i  fSna  (ravtl,  lattiratad,  madium  broam  with 

r:  :  intarbaddad  lignita  alluvium  lanaaa 


SM  **  eoarta,  pooriy  aortad,  traea  ailt  and  eoana  gravat 


aama  aa  abova 


Ona  to  madium,  modarataly  aortad,  traea  ailt,  fina  graval 
and  lignita  alluvium 


‘Silt  aiM 


SAND:  fine  to  madium.  modaralaty  aortad,  traea  aill  and 


swaiss 


GEOLOGIC  DRILL  LOG 


2  of  S 

16-6 

FOR  INFORMATION  FROM  0  -  SO  FEST,  SEE 
GEOLOGIC  LOG  16*7 


SAND:  nadium,  w«U  loitad,  Ioom,  lubreundad,  w«t,  gray 


flaa  graiaad 


GEOLOGIC  DRILL  LOG 


iV. 


LCAAP. 


\u.v  a::-M 

3  of  5 

16-6 

■teu  &  M  I 


U 


U  11 
11 
13 


w 

i 


inurbaddad  SAND  and  CLAY:  aand  ia  fina  to  madium,  wall 
(ortad  and  rouadad,  loesa,  wat,  gray;  clay  ia  lUty, 
vary  ao(k,  aaturatad,  thia  laaaaa,  gray,  traea  wood 
dabria 


aama  aa  abova 


aaoM  aa  abova 


aiadluai  to  coarta  graiaad,  larga  fragaianta  of  ligaita 


wall  aertad,  madium  graiaad 


la 


C-49 


GEOLOGIC  DRILL  LOG 


Layat-W«sl 


765.45 


P.  Bartz 


WHS 


iiiHim:  to 

i*  41-3  1 

ATV/tri-coB« 

8- 

4"  PVC 

II  EMiim 

1  of  3  I  16-10 


762.70 


14.867747.84’  6/1/88 


SILTY  CLAY:  ««U  lortad,  loft,  Mrai-moiat,  dark  brown 


abundant  black  matallie  imall  rounded  concrationa,  brown 
matrix,  umi-ioft,  eohaatve,  aami-moiat 


much  black  raottlinc,  aoma  rad>broam  raottUnc,  trace  email 
dap^ta  of  vary  fine  buff  aand,  uniform  texture, 
Mmi'Boff 


aemi-rooiat  with  aoma  wat  aonaa,  aoma  dark  gray  ailty  clay 

where  wet 


more  ailt,  lighter  rad-broern 


I  I  oily  ahaon  on  aampla 


CL  |  more  ailt 


CLAYEY  SILT:  Orni,  alightljr  ahalay,  drier,  red-brown  erith 
oceaaional  gny  and  dark  gray  lonaa 


GEOLOGIC  DRILL  LOG 


mmmm 


2/3/n  I  2/4/St  I  u 


LWfESfl 


GEOLOGIC  DRILL  LOG 


C-60 


LWEJfT^ 


GEOLOGIC  DRILL  LOG 


l/23/tt  1 1/27/M 


[HflU  HflT 

1  of  2 

1<>12 

18  a  770- 

14 

15 


a$  18  ir 
88 


PILL  ii: ; '  FILL:  el«7  «ith  trae*  ailt,  abundant  eafboniaad  nodulaa, 
vary  atiff,  maiat,  abundant  onidiaad  ataininc, 
rad-broam 


traea  fina  graval 


CL  1  I  CLAY:  wall  aortad,  traea  aUt,  low  pinatieit7,  moiat,  traea 
I  I  mottling,  rad*  bream 


^  I^H  mora  moiat  and  plaatie 


traea  lignite  bagmanta  and  roota,  laaa  moiat  and  plaatie 


traea  graval,  bacemaa  laparad  gray  and  brown,  baeemaa 
vary  atUf,  may  ba  elayatona  or  waatharad  thala 


Sh  SHALB:  tamo  eharaetar  aa  above,  mere  eohaaiva,  film,  gray 


C-62 


SILTY  CLAY:  ibuBdaat  till,  tne*  Bna  gnv«i,  moJwiti 
piaalWtjr,  vary  moiat,  aooM  awdartoa  a^  mottUnc. 


ilI*  iJj  iiJU  tJ.«  nl  j  (Xj  iJLi  i1j 


GEOLOGIC  DRILL  LOG 


S/ESlli 


LCAAF.  ladcptadtac*.  Mo. 


2  of  5 

17-8 

^Esiia 


GEOLOGIC  DRILL  LOG 


LCAAP. 


3  of  5  I  17.S 


6  SS  11  11 
IS 


S  SS  11 


IMSS  7  11 


I 

I 

!ri 


SAND:  madiiim,  ««U  lortod,  intaclBjrond  with  boda  of  fina 
land  with  abundant  tilt,  laturatad,  madiura  gray 


■ama  aa  abova,  traea  of  fina  graaal 


SAND;  tana  aa  abewa,  fina  grainad 


SAND:  madlum  to  eeana,  modarataly  tortad,  aoma  graval, 
traea  Ugnita  allirriua,  looaa,  wat,  gray 


SAND  and  ORAVSL:  eoaiaa  grainad,  poorty  tortad,  traea 


GEOLOGIC  DRILL  LOG 


1/22/8S  1/22/881  U 


LCAAP,  ladtMadcBc*.  Mo. 


1  of  2  I  17-9 


1  >;  !-i;>  ti4  am 

B-61/HSA 

4"  PVC 

20.50’ 

7.23V738.87*  6/1/88 


TOPSOIL;  cUyay  humus  with  soma  toots,  wall  aortad, 
moist,  dark  broarn  to  black 


CL  rTn  aortad,  traca  lignita  fragmants,  low  plasticity, 

li;  moist,  traca  mottling,  rad-broam 


CL  F  I  f  am#  at  aboaa 


CL  modarata  to  high  plasticity,  saturated 


SILTY  CLAY:  wall  aortad,  high  plasticity,  saturated,  soma 
mottling,  rad-brown 


abundant  lignita,  madium  gray 


CL  F  I  aama  at  abowa 


CL  FI  ittottling 


GEOLOGIC  DRILL  LOG 


Mila 


11^  Ml' •mm*  *  A 


LCAAP,  biUptadcBcc,  Mo. 


17-10 


1(1/' 


1/26/SS  1 1/26/8S 


FOR  INFORMATION  FROM  0  -  IS  FBST,  I 
GEOLOGIC  LOG  17-0 


SILTY  CLAY;  w«U  tortsd,  abuadaat  lilt,  trae*  teota, 
mettlad  rad-brown  and  imy,  tami-firm, 
taad-piaa*k,  MMi-meM 


17-10 


C-73 


C-74 


GEOLOGIC  DRILL  LOG 


2/7/M  2/f/M 


Sy^ila 


LCAAP,  ladcBtadtae*,  Mo. 


1  of  5 

18-7 

C-75 


GEOLOGIC  DRILL  LOG 


\u:- 

2  of  5 

18-7 

iatarbaddad  SILT,  CLAY,  and  SAND:  thiatjr  baddad,  all 
aeft,  a*at,  fray,  ankh  abundaat  «oed)r  plaaU 


C-76 


GEOLOGIC  DRILL  LOG 


11-^' >1  I 


C-78 


WELL  CONSTRUCTION  RECORDS  OF 
PREVIOUSLY  EXISTING  LCAAP  WELLS 


/M  UJ/^-V 


/H  Lv»  3-4 


LOG  OF  SOIL  BORING 

.  .  ■  -  -  ■  ■ 

Surfact  Stvation:  .  .  , 

Cuint  Abova  Surfica: 

Aafaranea  Savatiefl:  . . -  ,  . 

Rafaranca  3a«riotton:  a 


a 

—  :  ^ 

;s  ii.s 

ivil 

r-  ;p  / 

=1  :l  / 

Pi/ii 

1/ 

1/ 

!/ 

i/i  1/ 


I/I 


l/i 

/ 

n 

H 

n 

>AM>uNa  %*CT«*coi 


, _  I  sTtmr  I  I 


1/2.  I  'T.A^  I  \  %n4^\  I 


aaaaatNca  1  <wii?  I  \ZS 


s-i  (•& 


I/I 

l/i 

/ 

1/1 

Vi 

I  ‘ 
a  I 
'S  ■ 


i/I  i/M 


l/i 


C'cn 


i/i  1/ 


UJ/^- 


SA  SNGaMeS^USS. 
SwSNCS.  AND 
TSOKViCLCSY.  IMC. 


LOG  OF  SOIL  BORING 

Co^rdinant:  - 

Surfacfl  Eiavatton:  __ 
Cuinq  At>o««  Surface  .i.,  -  ■ 
Rtftrtfica  citvation:  _____ 
Rafaranci  Stahotion:  ___ 


M/n 


i  IV 

<Ss 

?  '  1  ■ 

Sr 

<  1  :* 

Is 

<J  •  S  « 

1 

V  !•' 

/I 

Zo 

AJ 

i/ 

/\ 

/i 

m 

'•€▼>*00: 


^ArtM  uivcu  I 


n.MC 


9*rf 


^tPtMtNCI  ! 


NCJ -C.Nii 


STAur  I 


nmc  I  riMC 


SArc  ]  3 A  re 


A 

/ 

A 

/ 

■ 

\  f 

^  ' 

1  = 

3 


i/i 


IZL  _!/ 


,00 


ixt  I/,, 


ir*>T  I  r><w5n  I 


rnArtm  hOCL 


su**tcx  cs-sciTievti 


LOG  OF  , SOIL  BORING 

Ca-ordinatn:  — 

Surfaei  Station:  .  . 
Casing  Abovs  Sur(acs:_^ 
flaftrsnca  Sitvsoen:  , 
Raftrsnct  Sstriotion:  J/t£i 


a  ?|l  I  t-ef 

?  ii  il.'i  ip'' 

ly  ixi  i/H.. 

"  'iPr^lo  i//F?  ® 

IX  IXH 

I  IXI 

ixi  l>[- 

IX I  IXl~y~ 

IXI  iXh- 


u*^Zjtrx.  -k<j 


iXi  !/r 


I 


C-Ul 


""  *  ' 
it  'il,  i 

1-1/ ill 

1  =.. :  li  / 

\  ii-i ' 

\  i“  1/  H 

/ 

••MHINM  i  I  ;g<rg  I  ReP  I  ggp 


•  r^cJi 


^  !// 


l/i  1/ 


ixi  1/ 


l/i  /I 

1  y  1 

1 

'/I  1/' 

r— 

I/I  / 


1/ 


!  / 
/ 


/5V>2  %/a.\ 


\I«W^A  b 


irogjiif! 


IS^ 


at  I  i 


li  /i  / 


1  ' 


!/ 


/I  l/i 


14^ 


/'t.  ^/r ) 


|5’y3‘/'Vt.ofi-44-‘>+'  kl'*'* 


*.  —  ^  i<y\  ; 


SCSMCS.  AjnjO 
TBCMnjCLCSV.  INC. 


LOG  OP  sot  L  SORING 

Cd'ordinatts: 

Surfaea  Sawation:  ____ 
Cuinq  Atova  Surfica:_____ 
Sa^arafica  Siavaoon:  ____ 
Raftrafica  Casriotion:  A/ar-/. 


_ AMAiU-Z, 

r//A  57/^^t  US^'TN'^/^  1  4.C/W» 


5  A-  /U  0. 0.LS"/.  3 1 
g-  — I  eb-oi. 


■so  v»r%<0:  J?yw.  M^A/.TlsSrfS^ 


3"n— •>« 


P^/C  r’tw _  r^va  !  /-;.|  J  I 

zxTx 

^^rwyoie  32^^  aaMat'ici  I 


.'!  i-  :i  .  I  •==  o 
i.  Zi  .I  /  \  3:  ?• 

i  r<  ;  , 33  la 

::  s-j  '  /  tz-  -<  :« 

S;  S  /  i*  Z-a  :y 


f  IXI  iXt-m, 


C-llS 


''•a 

87-/5’ 


SM<rr 


SA  SNGir>JS?>u^iG. 

scenes.  A^ga 
-mcHivo.sQv.  INC. 

LOG  OF  SOIL  BORING 
Co-orcHnam:  ■■ 

Surtict  Btvatien: 

Cuin9  Abova  ^ 

Raftranea  Slavation: 

Rafaranca  Satnotion:  tm 


1/ 


®  l>0 


i/l  IX 


XI 


IXi  X 


5  XI 


IXr 


XI  X 


XI  XI- 


msi 


c- 


BA  SNGaMESPlMG. 
SCS^iCS.  AiMO 
TBO-rfMCLCax  irsiC. 


LOG  OF  SOiU  SORING 

Co-ordiiwnt: . 

Surfaei  Savanon:  „  ■ ,  .  -  — 
Cuing  Abova  Surfaca:  .  .  -  - 

Rafaranea  Eiavatten:  ■ 

Rafaranca  Sathotion:  ______ 


=  i-s  ,'l  i-  \  ii  / 

ll  :l  ' 

V\y\^  53  L  i? 

*•  y  !si  2  y  s» 


l/i  1/ 


W\%h^  i^if 


l/l  1/ 


I/I  / 


1/1 


1/  I/. 


/H 


1  i. 

i 

!  r 

■■ 

2 

2 

t 

3 

1 

J 

4 

1 

1 

-  3 

j 

4 

,  1 

2 

£ 

'  ^ 

7 

Hi 

1 

1 

i 

J 

i 

inu 

7\ 

IMiauNa  ufTWOOs 


MTta  k»ck  j 


nuc 


Sara 


aaatntNea  I 


sua^tcx  SS-NCITIC-^ 


//5/> _ 


spr- 


uCCAnoN 


I  tcmrn^  ^ 

1 157-/^  ■ 


I  »"«T 

1  ^  caZ. 


OMLI.^ 


I  STAIVT  (  I 


USATHAMA 

loq  of  soil  boring 

.  Co*ortfin»TM: 


Surface  Etavanon:  _ 
Caiing  Above  Surface; 
Reference  Elevation: . 
Reference  Oesriotion: . 


MiMn  t  nNimiifi 


4  diameter,  Class 
160,  PVC  pipe 


cement  grout 


bentonite  seal 


gravel  pack 


S'  long  Schedule  40 
.020  PVC  screen 


tL£V.  '75'‘?.q 


ELEV.  754.q 


MV  I- 1 


Lake  City  AAP 


TEST  BORtWG  LOG 
Borins  Na 


UW  1-1 


^dd||||i 

•vTs) 


Stott  Independence,  Missouri 


Suftact  Elwotion  » 9  OHwt 

Ottt  Startod  8/11/81  comptttad  ^/II/81 
T.  Butler 


DEPTH 


AOtarMittionc  A.O.  -  Auftr  Only  R.B.  -  Rack  B<<  C.W.  -  Curt  Vymr 

H.A.  -  HeOew  AufK  S.S.  -  Soiit  Sooon  C.A.  -  Con  Air 

W.i.  -  WMhSort  S.T.  -  SMbv  Tubt  t.B  -  Finfir  Bn  , 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-|J^p  OeNllTV^^*”'^ 


|»"'RKS:  (Gating.  Watar  Lott.  Etc.) 

**>uBiped  1-1/2  hour  -  1/2  GPM 


Watv^LtKrtl 


9/11/81  (Compittion) 


fn0»lUBSt9/n  Companyjnc. 


^.ONhTKUCnoN  or  \\i.LL 


.^tioM  taken. 


MW  /-E 


C-133 


Lak*  City  AAP 


TEST  BQWIMG  LOG 
_  Boring  No. 


IfW  1-2 


Show  1 _ of _ 1 


I 


Surfooo  Eiovotion  762 . 9 


Offwt 


Addron  . 


Independence,  Ulssourl 


Dott  Stoitod  7/29/81  Comptotad  7/29/81 
Driiiar  T.  Butler 


Rig 


AbOrawMiom: 


A.O.  -  AugnOnlv  R.B.  -  Rock  tit  C.W.  -  CortWawr 

M.A.  -  HotlOMAugn  S.S.  -  Split  Sooon  C.A.  -  Cort  Air 

W.t.  -  WMti  Bon  S.T.  -  SMOr  Tubi  f.t.  -  Fingtr  Bn  . 


depth 

—  ■ 

METHOD 

KNETHATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-|jj{Jp 

1  FROM 

TO 

POCKET 

PENETRO 

METER 

NO  OF 
BLOMfS 

1  0.0* 

wm 

WB 

Dark  gray  silty  clay,  med.  to  stiff 

m 

10.0' 

WB 

i 

1 

Dark  w^ay  silty  clay,  med. 

"  10.0' 

11.5' 

SSI 

j 

1 

Dark  gray  silty  clay,  med.  to  stiff 

1  11.5' 

17.0' 

WB 

Weathered  sandy  shale,  med. 

«  17.0' 

19.0' 

WB 

1 

1 

Maroon  shale,  stiff  to  very  stiff 

"  19.0’ 

raj 

WB 

Light  tan  k  light  gray  shale,  stiff  to 
very  stiff 

fe  22.5* 

*  A 

26.0’ 

WB  : 

. 

Light  gray  shale,  med.  to  stiff 

-W.o' 

29.5' 

WB 

Same 

*29.5’ 

35.0' 

WB 

i 

1 

Same 

)’ 

37.5' 

WB 

1 

! 

Same 

>' 

40.0’ 

WB 

1 

Maroon  k  light  gray  shale,  med.  to  sti 

O' 

Total 

9 

9 

1 

RKS:  ICaiing,  Wator  Lott,  Etc.) 

imped  1-1/2  hour  -  1  GPU 


static 

Wator  ^oval 
1.6 


Tima 


Data 

9/ll/8fcontplation) 


Companyjnc. 


C-134 


coNSTinurnuN  or  wi:ll 


elevations  taken. 


MW  1-3 


elevations  taken, 
from  top  of  casing ' 


LON^iTItncilON  OI  WELL 


MW  1-3 


1 


C-136 


Reptfvgn  z/a*-’ 


MW  1-3 


Shwt  1  of _ 1 


■Lika  City  AAP 


m 

k  AS 


TEST  BORING  LOG 
Boring  No. 


Surfact  Elevation  761 . 0 


Offut 


A  State  I  hdependence ,  Missouri 


Date  Started  7/30/81  Completed  7/30/81 
T.  Butler 


Driller 


Rig 


AbbrewMiont:  A.O.  -  AugK’ Only  .R.B.  -  Rock  Bit  C.W.  -  CorvMawr 

H.A.  —  Hollow  Augir  S.S.  —  Solit  Sooon  C.A.  -  CortAir 

W.B.-  —  WMh  Bon  S.T.  —  SMbv  Tubt  F.B.  —  Fingtr  Bn 


depth 


=HOM 


Iff.  O' 


I 

t 


1.-5' 


2-0' 


5,5' 


I 

t 

1 


Z2,0' 


,B.O' 


■^.0' 

■?.5' 


25.5' 

Iso. O' 


31.5' 


36.0' 


40.0' 


|43.5' 


r 


45.0' 


MARKS:  (Caen 


I 


^  \Water  Lon.  Ett.) 


1-1/2  hour  -  6 


GPU 


Cofftpg^nyjnc, 


METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-|JjjJp  DENs'lTY^'^'^'^ 

'd 

POCKET 

PENETRO 

METER 

NO  OF 
BLOWS 

WB 

Topsoil 

^  t)' 

WB 

Dark  brown  silty  clay,  stiff 

WB 

Brown  silty  clay,  soft  to  med. 

^  .  O' 

SSI 

Same 

.  O' 

WB 

■ 

Same 

®".0' 

WB 

Brown  silty  clay  w/trace  sand,  soft 

SS2 

Brown  silty  clay  w/trace  sand)  soft 

WB 

Brown  &  gray  silty  clay,  soft  to  med. 

*".0' 

WB 

i 

Same 

Wk 

WB 

Gray  silty  clay,  med. 

^  lO' 

WB 

Gray  silty  clay,  soft  to  med. 

.  0 ' 

WB 

Same 

. 5' 

WB 

Gravel  w/trace  clay 

W^,0' 

WB 

Gray  shale,  hard 

^'^lal 

depth 

KA'iiSii 

4.8 


Time  Date 

9/14/81  (CompletionI 


C-137 


aiNiTl  iniCI  KlN  OI  WELL 


I 


I 

I 

I 

I 

I 

I 

r 


•Icvations  taken. 


MW  /-4 


I 


C-138 


Lake  City  AAP 


^jtet 

I 

li 


TEST  BORING  LOG 

Boring  No.  MW  1-4  Shggt  1  of  1 

773  O 

Surfact  Etavation  *  Offtat  _________ 

Data Startad  7^31/81  7/31/81 


MW  1-4 
773.0 


State  iDdepeodence,  Missouri 


T.  Butler 


Abbrtviationt: 

A.O.  —  Augtr  Only 

R.B. 

—  Rock  Bit 

C.W. 

H.A.  —  Hollow  AugM 

as. 

—  SolitSooon 

C.A. 

W.B.  -  WnhBort 

ST. 

-  SMbvTubt 

F.B. 

C.W.  -  CortWmr 


DEPTH 


PENETRATION  RECORD 


jMARKS:  (Casing,  Water  Lon,  Etc.) 

.  unped  1-1/2  hour  -  1/2  GPM 


sample  description 


COLOR-MATERIAL-MOISTURE-|jjjJp  OEnIiTY^'^^'^ 


Light  brown  silty  clay,  med.  to  stiff 

Light  brown  silty  clay  w/trace  weaxnere 

shale,  med.  to  stiff 

Weathered  shale  &  Light  brown  clay, 

med.  to  stiff _ 

Gray  shaly  clay,  med.  to  stiff* 

Light  gray  shale,  med.  to  hard 


Light  gray  shale,  med.  to  hard 
Light  gray  shale,  soft  to  med. 

Light  &  dark  gray  shale,  soft  to  med. 

Maroon  shale,  med.  to  stiff 

Maroon  &  gray  shale,  med.  to  stiff 

Gray  shale ,  hard 

Same 

Gray  shale,  med.  to  hard 


Date 

9  / 14  /  8 1^  Completion) 


huiw-U/BStem  Companyjnc. 


C-139 


u»N5'i  him:  I  ION  or  m  i.i.i^ 


elcvationi  taken 
from  top  of  easing 

threaded  cap  and 
male  adapter 


4*  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4”  diameter,  Class 
160,  PVC  pipe 


cement  grout 


bentonite  seal 


hand-slotted 
PVC  pipe 


gravel  pack 


EtXV.  7©fc.47 


E.LE.V.  764.2 


£LLV.  776.  Z 


ELEV.  7fe4.Z. 


MW  1-5 


I 

^j«et 


:ity  AAP 


TEST  BORING  LOG 
___  Borin«  No.  ^ 

______  Surfoct  Elovotion  784 .  U 

DittStortod  9/4/81 


'  &  State 


Independence,  Ulseourl 


T.  Butler 


__  OHeet 
^anpNttcd  _ 
_  Rig 


9/8/81 


Abbra«nmia«M:  A.O.  -  Auger  Onlir  R.B.  -  rw  rnr.  vw.t.r 

H.A.  -  HMlew  Auger  S.S.  -  “  SlA,r 

W.B.  -  tStehaor.  S.T.  -XKSi  fit  :^i.t 


DEPTH 


SAMPLE  J 


SaCRIPTlON 


vrm*lU9St»m  Companyjnc, 


COLOR-MATEBIAL-Mv^i«b  clay  consistency 

®^‘*''~SANO  DENSITY 


Brown  silty  clay, 

Dark  gray  silty  w/trace  saitd~.' 

soft  to  med. _ 

Light  tan  shaly  ^o  med. 


Light  tan  sandy  ^ed.  hard 


Light  gray  shale.  ^o  hard 


Maroon  shale,  med.  hard 
Light  gray  shale, 


^lK>e  Date 

___  9/11/Bl  (Completion) 


•  ■I t'v.-iLic'iis  tiTknn. 
riv'in  top  of  casing 

slip  cap  w  'T'  handle 


5'  long  steel 
rrc'Lcctivc  casing 
with  lockable  cap 


weep  hole 


4"  Schedule  40,  threaded 
flush  joint  PVC  casing  ' 

cement  grout 


bentonite  seal- 


gravel  pack 


15’  long  Schedule  40 
.010  PVC  screen 


I* 


WtLL  CONS  1  RUCTION 


•  & 

o'  'b 


MV  l-io 


•Elev .  7(94. 48 


Elev.  lloZ.O 


Elev.  7Z7.Q 


l?*rK4ruM'/ AAMaue*  s 


TcST  BORING  LOG 
Lake  City  Antiy  Aianunition  Plant  Boring  No. 


MH  1-6 


Shm  1  of  1 


Surfaco  Elovation  762.0  Offaat 

DataStartad  12/7/62 _ Complatad _ 12/7/82 


Y  &  Stata 


Independence,  Missouri 


Orillar  ®*  Blank 


Abbraviationi:  A.O.  —  AufK  Only  R.B.  —  Rock  Bit 

H.A.  -  Hollow  Au^  S.S.  -  Split  Spoon 

W.B.  -  WMhBon  S.T.  -  SItMbv  Tube 


SAMPLE  DESCRIPTION 


Core  Wntr 
Core  Air  • 
Finger  Bit 


COLOR-MATERIAL-MOISTURE-|^J  DEnI'iTY^^*^'^  * 


tUIMi  1  t\UL  I  iuu 


r.‘1cvotions  taken. 


.  191. 


195. Z 


lAZJb 


I  TEST  BORIMG  LOG 

ProiMt  Anmunltion  Plant  Borina  No 

I 


Shaat  ^  of  1 


mSI 

Ry  &  S 


&Stata  Independence,  Missouri 


Surfact  Elevation  Approx .  795.0  Offiet  _________ 

Date  Started  ^2/8/82  Completed  12/8/82 
Driller^ _ '  Rig _ AD-2 


I 


Abbraviatiom:  A.O.  -  Augw  Only  R.B.  —  Rock  Bit  C.W.  -  Cor*  Water 

H.A.  -  Hollow  Au^  S.S.  -  Split  Sooe  *  '  “  ‘ 


W.B. 


Mugsr  uniy  n.D.  —  nocK  on  w... 

Hollow  Au^  S.S.  -  Split  Spoon  C.A.  -  Core  Air 

With  Bor*  ST.  —  SiMibv  Tub*  F.B.  -  Finger  Bit 


1.  DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-|Jj^p  DEnIIty*'^*^^ 

®  FROM 

■ 

TO 

POCKET 

PENETRO¬ 

METER 

NO.  OF 
BLOWS 

1 

0.0' 

n 

HA 

Topsoil 

n 

B9 

HA 

Dark  brown  silty  clay  w/gravel  (fill),  moist, 
very  stiff 

B 

HA 

Brown  silty  clay,  moist,  very  stiff 

11.0' 

STl 

4.0 

1 

j 

m 

Brown  &  gray  silty  clay,  moist,  very  stiff 

1  11.0' 

18.0' 

HA 

1 

Same 

19.5' 

HA 

Light  brown  &  gray  weathered  shale,  dry,  h'^rd 

■#S 

20.1' 

ST2 

4.5+ 

0.6' 

Same 

1  20.1' 

25.0' 

HA 

Brown  &  gray  weathered  shale,  dry,  med.  to  har 

25.0' 

1 

29.5' 

HA 

Same 

■  29.5' 

30.2' 

SSI 

20-50/0.2 

Brown  &  gray  shale,  dry,  med.  to  hard 

1  30.2 ■ 

32.0' 

HA 

1 

Same 

IT 

^  32.0' 

41.5' 

HA 

Same 

■  41.5' 

47.0' 

HA 

1 

i 

Maroon  shale,  dry,  med.  to  hard 

1  47.0' 

Hi 

HA 

Gray  shale,  dry,  med.  to  hard 

g  54.5' 

Refusal 

■ 

1 

I 

!♦ 


ARKS:  (Caaing,  Water  Lon,  Etc.) 


Water  Level  Time  Date 

12/8/82  jcompletionl 


Companyjnc. 


C-147 


TEST  BORING  LOG 


Proiict 


m 

City  ft  S 


Lake  City  An»y  Amnunition  Plant 


Boring  No. 


MW  1-7 


Surface  Elevation  795.2 


_  Sheet  1  of _ ] 

Offiet  10'  S.  of  1-7 


State  Independence ,  Missotiri 


DEPTH 


_______  Date  Started  12/13/82  Completed  12/14/82 

_  Driller  B.  Blank _  Rig  AD-2 _ 

Abbrevtatiant;  A.O.  —  Auger  Only  R.B.  —  Rock  Sit  C.W.  -  CorcWatfr 

H.A.  -  Hollow  Augir  S.S.  -  Split  Spoon  C.A.  -  Cora  Air 

W.B.  -  Wash  Bora  S.T.  —  Shalby  Tuba  F.B.  -  Fingar  Bi* 


SAMPLE  DESCRIPTION 

color-material-moisture-|^q  densIty^^'^'^  t 


^Apaaeae  _ //Aa^^Maaa*  ^ mmm  mm  mm  •  0  /mmmm 


Dark  brown  silty  clay,  moist,  stiff 


Brown  silty  clay,  moist,  very  ^iff 


Light  brown  weathered  shale,  moist,  med.  to  ha 


9:30aa  12/14/82 


(Completion) 


C-148 


TEST  BORING  LOG 


Proiiet  l«*lf  City  Amy  Aiwnunition  Plant 
I  Rgplacwnent  Wells _ 


Boring  No. 


Surfact  Elovition 


Shott  1  of 


Date  Started  6/2S/B5  Completed 


'  &  State  Independence,  Missouri 


DEPTH 


FROM 


Driller  Buck  Blank 


Abbr»wi«tion$;  A.O.  -  Augw  Only  R.B.  -  Rock  Bn  C.W.  -  Core  Water 

H.A.  -  Hollow  Auger  S.S.  -  Split  Spoon  C.A.  -  Core  Air 

W.B.  -  Wash  Bore  S.T.  -  SAelbv  Tube  F.B.  -  Finger  Bit* 


PENETRATION  RECORD 


uj  ^  S  ^  M 

^  Os 


SAMPLE  DESCRIPTION 


color-material-moisture-|^J  densIty^'^*^'^ 


4.0  !  11.5 


4.0  I  KA 


HA  i 


32.0  I  37.1 


37.1  47.1 


47.1  47.4 


47.4  57.0 


^0  I  Total  Depth 


:Ma'*ks:  (Caiing,  Water  Loei,  Etc.) 

lavl  Masurad  froBi  top  of  casing 


Topsoil 


Dark  brown  silty  clay,  moist,  stiff 


Brown  silty  clay,  moist,  stiff 


Light  brown  clayey  silt,  with  trace  sand 
moist,  very  stiff 


Same ,  with  thin  sandstone  seams 


Gray  shale  with  thin  limestone  seeuns,  hard 


Olive-brown  shale,  dry,  medluai  to  hard 


Dark  gray  shale,  dry,  medium  to  hard 


Marroon  shale,  dry,  medium  to  hard 


Dark  gray  limestone 


Gray  shale ,  dry ,  medium  to  hard 


Water  Level 


19. 7»  3t30  pm  7/2/95 


7/3/M 


Companyjnc. 


C-150 


I  TEST  BORING  LOG 

Proj^t  Lake  City  Amy  Ammunition  Plant _  Boeing  no. _ ^  _  ShMt  ^  of 

*  Suffice  Elevation  ^  Offset 

_ _ _ Sterted  12/8/82  Completed  12/8/82 

Otygi  State  Independence,  Missouri _  Driller  Blank _  Rig  AP-2 _ 


Driller 

B .  Blank 

Rig 

AD-2 

A.O.  - 

Augw  Only 

R.B. 

—  Rock  Bit 

C.W.  -  Core  Water 

H.A.  - 

Hollow  Augw 

S.S. 

-  Split  Spoon 

C.A.  -  Core  Air 

W.B.  - 

wash  Bore 

S.T. 

—  Shelby  Tube 

F.B.  -  Finger  Bit 

SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-ljj*^ 


Brown  silty  clay  w/weathered  shale  (fill) 
moist,  med. 


Dark  brown  silty  clay,  moist,  med. 


Brown  fi  gray  silty  clay,  moist,  stiff 


. 5 '  Same 


.MARKS;  (Casing,  Water  Loss,  Etc.) 
water  at  9.0' 


Water  Level  Time 


(Completion) 


^i/fie-U/estern  Compan^Jnc. 


>9 


lilev.  135.Z 


WELL  CCNSFRUCTION 


elevations  taken, 
from  top  of  casing 

slip  cap  w  'T*  .handle 


5'  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4  Schedule  40 ,  threaded 
flush  joint  PVC  casing 


cement  grout 


bentonite  seal- 


■Elev.  7fo4.iq 


Elev.  7fc/.7 


gravel  pack 


15'  long  Schedule  40 
.010  PVC  screen 


*  c? 


Elev .  73  / .  7 


MW  /-9 


I 


TEST  BORING  LOG 


ProiKt 


Lake  City  Army  Anmunition  Plant 


Boring  No. 


MW  1-9 


r 


Sheet  1  of  1 


Surface  Elevation  761.7 


Offiet 


I* 


:y  &  State 


Independence,  Missouri 


Date  Started  12/9/82  Completed  12/9/B2 
B.  Blank 


Driller 


Rig 


AD-2 


I 


Abbreviations:  A.O.  —  Auger  Only  R.B.  —  Rock  Bit  C.W.  -  Core  Water 

H.a.  -  Hollow  Auger  S.S.  -  Split  Spoon  C.A.  -  Core  Air 

W.B.  -  Wash  Bore  S.T.  -  Sbalbv  Tube  F.B.  -  Finger  B* 


_  DEPTH 

PENETRATION  RECORD 

> 

SAMPLE  DESCRIPTION 

C0L0R-MATERIAL-M0ISTURE-|^*2  density^^'''^ 

®  FROM 

1 - 

TO 

METHOD 

POCKET 

PENETRO 

METER 

NO  OF 
BLOWS 

CORE 

RECOVER 

■  0.0' 

HA 

Dark  brovm  silty  clay,  moist,  med. 

[H 

n 

HA 

Brown  silty  clay,  moist,  med. 

n 

11.0' 

STl 

0.75 

m 

Brown  &  gray  silty  clay,  moist,  med.. 

"  11.0' 

15.0' 

HA 

Seune 

H  15.0' 

20.0' 

HA 

Same 

'0.0' 

21.5' 

HA 

Same 

■t.s. 

24.5' 

HA 

Dark  gray  silty  clay,  moist,  stiff 

1  24.5* 

26.0' 

ST2 

1.25 

m 

Same 

26,0' 

30.0* 

HA 

Same 

1  30.0' 

ipth 

1 

1 _ 

• 

1 

1 

1 - 

1 

r- 

r* 


ARKS;  (Caeing,  Water  Losi,  Etc.) 
t  water  at  approximately  11.0' 


Water  Level 


Time 


Date 


{^ne-U/estem  Companyjnc. 


(CompletionI 


C-156 


WELL  CONS  I  RUCTION 


I 


o  . 


rrojict  I«*lf  City  Army  Aannunition  Plant 


TEST  BORING  LOG 
Boring  No. 


MW  1-10 


Sham  1  o<  1 


Citv  it  s 


Surfaca  Elaaation  •  5 

DataStartad  1/10/83 


Complatad  1/10/83 


*tY&Stata  Independence (  Missouri 


DEPTH 


Companyjnc 


_  Drillaf  B»  Blank _ '  Rjg  AD-2 _ 

Abbiavtaiiont:  A.O.  -  Au^Only  R.B.  -  Rock  Bit  C.W.  -  CortWaiar 

H.A.  -  Hollow  Augw  S.S.  -  Split  Spoon  C.A.  -  Cora  Air 

M.B.  -  IWatIt  Bora  ST.  -  Shatpy  Tuba  P.B.  -  Fmgar  Bit 


SAMPLE  DESCRIPTION 


color-material-moisture-UjJJJ  oenIIty^^'^^ 


Topsoil 


Dark  brown  silty  clay,  moist,  med. 


Brown  silty  clay,  very  moist,  med. 


Brown  silty  clay  w/ trace  sand,  very  moist, 
med. 


Light  brown  siltyclay,  moist,  soft 


Light  brown  to  gray  clayey  shale,  moist,  med. 


Water  Laval 


12;00pm  1/10/83  (Complation) 


LON^rinici  ioN  or  w  iAsL 


•lavations  taken 
ttm  top  of  easing 

thraadad  cap  and 

■ala  adaptar 


4*  long  steal 
Ptotactiva  casing 
^ith  lockable  cap 


waap  hole 


£LEV.  757/2 


E.Lev.  755.1 


•Ivvations  taken, 
froai  top  of  casing ' 


l(li\  Oi  Wf.i.l 


MV  Z-l 


C-161 


t/gr 


mr  2-1 


i^rst. 


Lake  Clt7  AAP 


’  it  Statt 


Indepandenee,  Missouri 


DEPTH 


P‘*^SKS:  (CaSng,  Watar  Lon,  Etc.) 

PuBDsd  1  hour  -  2-1/2  GPM 


TEST  BORING  LOG 

______  Borina  No.  ^  Shaat  ^of  ' 

_____  Surfaea  Ela»ation  ^^5 . 1  OHwt 

_____  Data  Started  8/4/81  Complatad  8/4/81 

_  Drillar  _  Rig _ 

AObraviationt;  A.O.  -  Auotr  Only  R.8.  -  Mock  Btt  C.W.  -  Can  Warn 

H.A.  -  Hellawr  Augv  S.S.  -  Solit  Sooon  CA.  -  Cora  Air 

WX  -  Wtihlert  S.T.  -  ShMbv  Tubi  P-S.  -  Fiitfv 


SAMPLE  DESCRIPTION 

COLOI»-MATEB»AL-MO«STURe-Uj*J  DEnIIty^^^'^ 


Topsoil 


Dark  brown  silty  clay,  stiff 


Light  brown  silty  clay,  very  stiff 


3.0' 


Gray  silty  clay,  very  stiff 


Static 

Water  fcaval 


9/11/81  (Comptation) 


Campmnyjnc. 


CONbTKlUn  iON  OF  WIXL 


elevations  taken. 


MW  Z'l. 


C-163 


CONSTHIICnoN  Ur  WRLL 


elevations  taken. 


MW  2-^ 


TEST  BORING  LOG 


Lake  City  AAP 


Boring  No. 


IfW  2-2 


Shoot  lof 


Surfaco  Elovition  759.1 


Hv & Sttta  Independence,  Mlsaourl 


Dm  Stortid  8/4/81  Complttod  8/4/81 
Drillof  D»  Vogt _  Rig _ 


AbOnwiMient:  A.O.  -  Auftr  Only  R.B.  •  Rock  Bit  CJN.  -  Cort  Wawr 

■  H.A.  -  Hotiew  AufK  S.S.  Spin  Spoon  C.A.  -  Cort  Air 

W.B.  •  WHh  Bon  S.T.  -  SMby  Tubt  F.B.  -  Fingw  Bn 


DEPTH 


^MARKS:  (Gating,  Watar  Lon,  Etc.) 

■  AinpBd  1  hour  -  7  (a>ll 


huiw-W^st^m  Companyjnc. 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-|Jj*J°°JJ|j^^'^^'' 


Topsoil 


Dark  brown  silty  clay 


Brown  gray  silty  clay,  stiff 


Brown  gray  silty  clay,  soft  to  pied. 


Gray  brown  silty  clay,  soft  to  med. 


Gray  silty  clay,  soft  to  med. 


Gray  sandy  silt  w/clay  seams,  soft  to  i 


Static 
Watar  Laval 


9/11/81  (Co,„p,„jo„, 


LOiN'S  l  low  OI  >\IXL 


•Icvationg  taken 
from  top  of  casing 

thaaded  cap  and 
sale  adapter 


4*  long  steel 
protective  casing 
vith  lockable  cap 


weep  hole 


A"  diameter,  Class 
160,  PVC  pipe 


cement  grout 


bentonite  seal 


h^md- slotted 
PVC  pipe 


gravel  pack 


5 '  long  Schedule  40 
.020  PVC  screen 


E.LE.V. 


£L£V.  -746.7 


ELE.V.  729.7 


MW  2-3 


7oiKt 


Lake  City  AAP 


T£ST  BORING  LOG 

Borina  No.  ^  _  Shoot  ^  of  ^ 


Surfoco  Elovotion  759 . 7  QfNot 

.  _ _ _  Dau Starwd  8/7/81  Cotnplotad 

iv^^tate  Independence,  Miseourl _  Pfiiiar  P’  Vogt _  ri, _ 


Abbraviation*:  A.O. 

-  Augar  Only 

R.B. 

-  Reek  Bit 

C.W.  -  Cert  Wattr 

H.A. 

—  Hollow  Augtr 

S.S. 

-  Split  Spoon  . 

C.A.  -  Cora  Air 

• 

W.8. 

—  Wuh  Bora 

&T. 

-  ShMbvTubi 

F.B.  -  Fingar  Bit 

DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

sample  description 

COLOR-MATERIAL-MOISTURE-lj^Q  DEnIItY^'^^^ 

1  FROM 

TO 

POCKET 

PENETRO 

METER 

NO  OF 
BLOWS 

Bo. O' 

WB 

Topsoil 

-1.0' 

o 

00 

VB 

Dark  brown  silty  clay,  med. 

"  8.0' 

10.0’ 

WB 

Brown  silty  clay,  med. 

1 

11.5' 

IB 

Gray  brown  silty  clay,  stiff 

-  11.5' 

30.0' 

— 

WB 

Gray  brown  silty  clay,  stiff 

"  30.0' 

31.5' 

■SB 

mi 

ffi 

IB 

Gray  brown  silty  clay  w/sand  &  gravel, 
rock .  hard 

W* 

40.0' 

WB 

Gray  shale,  med. 

-To. O' 

Total 

depth 

static 

MARKS:  (Caring.  Wattr  Lost,  Etc.)  Wator  Laval  Time  Date 


-laped  2  hour.  -  2  0PM _ 1^^ _ 


Mn 

|<so* 


^ne-UJestem  Companyjnc. 


C-167 


CONh  rune  HON  OI  >\  i:LL 


elevations  taken 
froei  top  of  casing 

threaded  cap  and 
•ale  adapter 


4'  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4  diameter.  Class 
160,  PVC  pipe 


cement  grout 


bentonite  seal 


hand- slotted 
PVC  pipe 


gravel  pack 


5'  long  Schedule  40 
.020  PVC  screen 


MW  2-4 


£LEV. 


764.53 


E.LE.V.  76/.  3 


^L£V.  740.3 


ELE.V.  725-.  3 


I 

Proiwt 

I : 

I*' 

(My  &  St 

I 


Lake  City  AAP 


TEST  BORING  LOG 
_  Boring  No. 


inr  2-4 


Show  ^  of  ^ 


Surfoct  Eloyation  761.3  Offnt 


IndepeDdence ,  Missouri 


Data  Startad  8/7/81  Compittad  8/7/81 
T.  Butler 


DEPTH 


Abimviationt;  A.O.  -  Augw  Only  R.S.  -  Rock  Bit  C.W.  -  Core  Wottr 

H.A.  -  Hollow  Augv  S.S.  —  SolitSooon  C.A.  -  Core  Air 

W.B.  -  WathBoi*  S.T.  -  SMbyTubc  F.B.  -  Finotr  Bn 


SAMPLE  DESCRIPTION 


pMARKS:  (Casing.  Watar  Lon,  Etc.) 
x'uaped  1  hour  -  2-1/2  GPM 


k^ne^U/estem  Companyjnc. 


COLOR-MATEHIAL-MOISTURE-|Jj*J  OEnIItY^^^^ 


Light  brown  silty  clay,  soft  to  med. 


Dark  gray  silty  clay,  soft  to  med. 


Dark  gray  silty  clay,  stiff 


Gray  silty  clay,  soft  to  med. 


Tan  silty  clay,  soft  to  med. 


Tan  silty  clay  w/trace  sand,  soft  to  me 


9/11/8  ^Complation) 


I 

I 

I 


TEST  BORING  LOG 


Project  lAke  City  Army  Aninunition  Plant 


Boring  No. 


MH  2-5 


Shoet  1  oi 


City  &  State  Independence,  Missouri 


Surface  Elevation  759.4  Offset 

DateStarted  12/9/82  Completed  12/9/82 
Driller  B.  Blank  Rig  AO-2 


Abbrematioiw:  A.O.  -  Augrr  Only  R.8.  -  Rock  Bit  C.W.  -  Cort  Mater 

H.A.  -  Hollow  Auger  S.S.  -  Split  Spoon  C.A.  -  Core  Air 

W.B.  -  Math  Bore  S.T.  —  Shelbv  Tube  F.B.  -  Finger  Bit 


DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-|^*p  DEnIIty^'^*''^ 

FROM 

TO 

POCKET 

PENETRO 

METER 

NO  OF 
BLOMS 

« 

0.0' 

Bi 

HA 

Topsoil 

wm 

HA 

Brown  silty  clay,  moist,  med. 

HA 

Same 

9,5' 

11.0' 

STl 

0,75 

HU 

Brown  s  gray  silty  clay,  moist,  med. 

11.0' 

15.0' 

Same 

15.0* 

20.0' 

HA 

Same 

^^.0' 

22.5' 

HA 

Same 

22.5' 

24.5' 

HA 

Brown  &  gray  silty  clay,  moist,  very  stiff 

26.0' 

ST2 

2.25 

B 

Same 

26.0' 

30.0' 

HA 

1 

Same 

30,0' 

Total  d 

1 

a 

1 

■ 

1 

ft 

1 

■ 

"'MARKS:  (Casing.  Water  Lost,  Etc.)  Watv  Level  Time  Date 


t  water  at  approximately  11.0* 


(Completion 


Companyjnc. 


C-171 


TEST  BORING  LOG 


Projtct 


Lake  City  Amy  Ammunition  Plant 


Boring  No. 


MW  2-6 


ShMt  1  of  1 


Surface  Elevation 


758.4 


Offiet 


City  &  State  Independence,  Missouri 


Date  Started  12/13/82 
Driller  B.  Blank 


Completed  .^2/13/82 
_  Rig  AD-2 


H.A. 


Auger  Only 

R.B. 

-  Rock  Bit 

C-W. 

-  Core  Water 

Hollow  Auger 

S.S. 

-  Split  Spoon 

C.A. 

—  Cora  Air 

Wash  Bore 

S.T. 

—  Shelby  Tube 

F.B. 

—  Finger  Bu 

DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-|^J  OEnIIt 

^  FROM 

1  * 

TO 

POCKET 

PENETRO 

METER 

NO  OF 
BLOWS 

•  0.0' 

■■■ 

- 1 

HA 

Topsoil 

1  1.0' 

B 

HA 

Dark  brown  silty  clay,  moist,  med. 

m 

H 

HA 

Brown  silty  clay,  moist,  med. 

OH 

10.0' 

HA 

Same 

1  10.0' 

14.5' 

HA 

Same 

mm 

16.0' 

STl 

g 

ggi 

IB 

Brown  &  gray  silty  clay  w/trace  gravel  & 
trace  shale,  very  stiff 

18.5' 

HA 

g 

■I 

Same 

1 

25.0' 

HA 

Brown  gray  silty  clay,  moist,  med. 

1  25.0' 

1 

1. 

1 

1 

■ 

1 

■ 

1 

1^  .cMARKS.  (CMing,  Water  Loss,  Etc.  I 

_ 

]  Mfaune-U/estBm  Compant/Jnc. 


'Mater  Level  Time  Ost* 

10.0 *  _  _  (Completion) 


C-173 


WELL  CONSTRUCTION 

(’levations  taken. 


4"  Schedule  40,  threaded 
flush  joint  PVC  casing 


cement  grout 


bentonite  scal- 


gravel  pack 


15'  loi'tg  Schedule  40 
-010  PVC  screen' 


So 


■ 


TEST  BORING  LOG 


Lake  City  Amy  Annunition  Plant 


■  ^ 

lAdi^ 


City  &  State 


Independence,  Missouri 


Boring  No.  Sheet  i  of  1 

Surface  Elevation  755 . €  Offset 

Date  Started^  Completed  ^/lP/83 

B.  Blank  CME-5 


CME-55 


Abbreviations:  A.O.  -  Atigtr  Only  R.B.  —  Rock  Bit  C.W.  —  Core  Water 

H.A.  -  Hollow  Auger  S.S.  -  Split  Spoon  CA.  -  Cora  Air 

W.B.  -  Wash  Bore  S.T.  -  Shelby  Tube  F.B.  -  Finger  Bi^ 


DEPTH 


PENETRATION  RECORD 


MRKS:  (Casing,  Water  Lots,  Etc.) 


SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-^J  OENSITY^^^'^ 

Topsoil 

• 

Dark  brown  silty 

clay. 

moist,  stiff 

Same 

Dark  brown  silty  clay. 

very  moist,  soft 

Brown  silty  clay. 

wet. 

soft 

Brown  silty  clay, 

wet. 

very  soft 

Same 

Brown  silty  clay, 

very 

soft 

Water  Level 
8.7 


Time  Date 

12:15piiL  1/10/83  (Completion 


}biin€‘U/BStem  Companqjnc. 


f 


u»iN'M  iau:i  u>^  (n  n\  i.i.i 


I 

!• 

I 

t 


elevations  taken 
from  top  of  casing 

threaded  cap  and 
male  adapter 


4'  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


ELEV.  744.00 


ELE.V. 


EL£V. 


ELE.V.  fcqi.q 


I 


>i«ct 


Lake  City  AAP 


TEST  BORING  LOG 

BorinoNo.  ^  Shit  ^  of  ^ 

_  SuHact  Etawation  741.9 _  Offwt _ 


Y^State  Independence,  Missouri 


Data Startad  9/23/81  Complatad  9/23/81 

Drills  B.  Blank _  Rig _ 


AMfMiationt:  A.O.  -  Au^  Only  R.B.  —  Rock  Bit  CW.  »  Cert  Wmr 

H.A.  -  Holiow  Au^  S^.  -  Split  Spoon  CA.  -  Core  Air 

W.B.  -  Math  Bor*  5.T,  -  SMPy  TuM  F.B.  -  Finpir  Bit 


•  DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-ljjj^gOJJU^^''*^^ 

H 

TO 

POCKET 

PENETRO¬ 

METER 

NO  OF 
BLOWS 

^  0.0' 

■g 

WB 

Topsoil 

1.0' 

n 

WB 

Brown  silty  clay,  very  stiff 

5.0' 

10.0' 

WB 

Gray  and  brown  fine  to  meditus  sand, 
med.  dense 

10.0' 

11.0' 

WB 

■ 

•  J 

Same 

11.0' 

15.0' 

WB 

Brown  and  gray  sandy  silt  w/trace  cla.y 
stiff 

|lo>0' 

ill 

WB 

■ 

Same 

— 

* 

HRH 

H 

Same 

22.0’ 

■1 

Grav  and  brown  fine  sand,  loose 

25.0' 

30.0' 

WB 

Same 

30.0' 

mm 

m 

Same 

a5>.Q' 

40.0' 

wa 

Same 

«• 

■40.0' 

45.0' 

WB 

Gray  fine  sand  w/trace  coarse  sand, 
med.  dense 

m 

50.0' 

WB 

Same 

fso.o’ 

Total 

..  . 

1 

8KS:  (Caiing,  Watar  Lon,  Etc.)  ^tr\^ol  Tima  Data 


Puorped  2  hrs.  -  6  2/3  GPU  28.0 _ 9/23/8fcomi)4ati< 

|j»w  '•U/estBm  Companyjnc. 


C-179 


Loisis  i  iuu:noi>i  t»K  \m:ix 


I 

I 

P 

!• 

I 


elevation*  taken 
from  top  of  casing 

threaded  cap  and 
nale  adapter 


4*  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4  diameter,  C>ass 
160,  PVC  pipe 


cement  grout 


bentonite  seal 


hand-slotted 
PVC  pipe 


gravel  pack 


5'  long  Schedule  40 
.020  PVC  screen 


£LEV.  -744.^3 


E.LE.V.  -743.0 


ELE.V.  723.0 


ELE.V.  706.0 


MW  3-1 


elevations  takon. 
from  top  of  c  asing  ' 


LOINM  llLn:i  IDiN  OF  iAA 


% 


r 


MW  2>-Z 


I* 

I 


C-181 


Lake  City  AAP 


i caT  aORING  LOG 
Borins  No. 


MW  3-2 


Surfaot  Elt»»tioo  743.0 _  OHwt 


Shmt  ^  of  ^ 


a. 


Independence,  Missouri 


Dan  Startad  8/17/81  Complatad  8/17/81 
B.  Blank 


Oriltaf 


Rig 


Abbrawiationc:  A.O.  -  Au§tr  Only  R.g.  -  Rock  lit  C.W.  -  Cort  Water 

H.A.  —  Hollow  AufW  S.S.  -  Seiit  Sooon  CA:  -  Core  Air 

W.B.  -  Wash  Bore  S.T.  -  Shelby  Tuba  F.B.  -  Finfw  Bit 


DEPTH 


I 

I 


PROM 


TO 


O 

o 

z 


PENETRATION  RECORD 


O 

ui C 


o2 

z  a 


> 

s 

Ul 
> 
111  o 
s  u 
O 

u  ec 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-|j^J  DEnIIty^'^'^^ 


0.0' 


1.0' 


WB 


Topsoil 


I 

I 


1.0' 


5.0' 


5.0' 


WB 


6.0' 


WB 


Dark  brown  silty  clay,  stiff 


Same 


9.0' 


WB 


Brown  &  gray  silty  clay  w/trace  sand, 
stiff 


9.0' 


I 


I 


10.5' 


STl 


1.75 


Same 


10.5' 


15.0' 


WB 


Same 


19.0' 


WB 


Same 


20.5' 


ST2 


Dark  brown  clayey  fine  to  med.  sand, 
dense 


20.5' 


25.0' 


WB 


Same 


25.9' 


30r0’ 


WB 


Same 


I 


30.0' 


35.0' 


WB 


Gray  clayey  fine  sand,  dense 


I 


35.0’ 


40.0' 


WB 


Same 


40.0' 


Total  pepth 


I 

r 


BmARKS:  IGMil«  IMBIBr 

■n—  I  i  2  tottrs 


Eta) 

1/a  QPM 


static 

Warn  Laval 
28.3 


Tima 


Data 

^/10/S  Icompiation) 


ufNSi  nuci  ior^  of  wi-ix 


elevations  taken. 


C-183 


4 


coNS'l  liur.i  ioN  OP  wi:i.L 


elevations  taken. 


MV  3-3 


« 


C-lfi4 


PnriMt  Lak*  City  AAP 

I  - - 


TEST  BORING  LOG 
_  Boring  No. 


inr  3-3 


Shoot  ^  of  ^ 


If. 


Surfaco  Elovotion  ^  Offiot 

Of  St^tod  S/lA/91  con.p.««i  8/14/81 


Stttt  Independence,  MlsBourl 


DEPTH 


ImaRKS:  fCooing,  Wotor  Leu,  Etc.) 
j^ed  1  hour  -  1/2  (SPM 


T.  Butler 


AbOraviMtonc  A.O.  -  Augw  Only  R.B.  -  Rock  Bit  C.W.  -  Cori  Waitr 

H.A.  —  Holtow  Aubk  S.S.  -  Soiit  Sooen  C.A.  —  Car*  Air 

W.B.  -  WMhBet*  S.T.  -  ShMbvTuW  P.B.  -  Pingv  Bit 


sample  description 


COLOR-MATERIAL-MOISTURE-|jj{J2g°{J|J^^'^*^^ 


Orange  sandy  clay,  soft  to  med. 


Light  brown  sandy  clay,  soft 


Brown  &  orange  fine  to  med.  sand 


Orange  &  brown  fine  to  med.  sand 


WatorLovol 


16.1 


S^^lO^^l  (ComplotionI 


Cm^iOnimff  Comfimn^Jnc. 


LONS'l  lUU'.IION  1)1*  WI.I.L 


elevations  taken 
fron  top  of  casing 

threaded  cap  and 
male  adapter 


4'  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4"  diameter,  Class 
160,  PVC  pipe- 


cement  grout 


bentonite  seal' 


hand- slotted 
PVC  pipe' 


gravel  pack 


EUV. 


744^2. 


E.LELV.  -7dL.7 


ELE.V.  700.2. 


MW  3-1- 


ELE.V.  U9S.  Z 


.86 


UHNNI  KlICI  IlUN  Ol'  \\  I  J.L 


elevations  taken 
from  top  of  casing 

threaded  cap  and 
male  adapter 


4'  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4  diameter,  Class 
160,  PVC  pipe 


cement  grout 


bentonite  seal 


hand-slotted 
PVC  pipe 


gravel  pack 


£LEV. 


744  flZ. 


E.LELV.  "741.7 


£LEV.  700.  Z 


ELE.V. 


i/gs“ 


Ritet  Lake  City  AAP 


I  - 

^ddl^ 


DEPTH 


TEST  BORING  LOG 

City  AAP _  Bofino  No.  ^  Sh—t  ^  ef  ^ 

■  Surfaet  E>«oation  742 . 7  Offwt 

Datt  Startad  9/22/81  Comptatad  9/22/81 
IndependBDce ,  Missouri  Driiiaf  B.  Blank  nig 

Abbraviatiem:  A.O.  -  Augw  Only  R.B.  -  Rock  Bit  C.W.  —  CortMawr 

H.A.  -  Hollew  Augir  S^.  -  Sotit  Spoon  C.A.  -  Cor*  Aif 

W.B.  -  (Math  Ben  S.T.  .  Shalpy  Tub*  F.B.  -  finpar  Bn  ■ 


sample  description 

COLOR-MATERIAL-MOISTURE-DjjJJ 


26.4' 


30.0' 


33.0’ 


33.0'  35.0' 


Topsoil 


Brown  silty  clay,  stiff 


Gray  &  brown  clayey  silt,  med. 


Same 


Brown  sandy  silt,  med. 


Same 


Same 


Brown  &  gray  sandy  silt,  very  stiff 


Same 

\ 


Gray  fine  sand,  loose 


Same 


Gray  fine  sand  w/trace  med.  saad,  loos 


Same 


IIO:  tCBBlRB,  Lom.  Elat 

Static 

Watar  Laval 

Tima 

Datt 

am94  1.7$  iwurs  -  7  GPli 

27.8 

0/22/81,Como.«i«,) 

J  4»  1.-1.  M  v'l 


elevations  taken. 


MW  3' 5 


89 


u>nshiim:i  h)N  or  wixi. 


elevations  taken 
from  top  of  casing 

threaded  cap  and 
male  adapter 


4*  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4"  diameter.  Class 
160,  PVC  pipe- 


cement  grout , 


bentonite  seal- 


£LEV.  14fc.q 


ELLE.V.  744.6 


niii 


hand- slotted 
PVC  pipe" 


gravel  pack 


5’  long  Schedule  40 
.020  PVC  screen 


35.3 


• 


<>  • 


h9  > 


MW  3-5 


ELtV.  7Z4.& 


ELEV.  709.5 


.90 


0-. 


Sh«tt _ 1  of _ 1 


oioct  City  AAP 


TEST  BORING  LOG 
_  Boring  No. 


mr  3-5 


Surfact  Elovation  •  ®  Offitt 


il 

L 


Independence ,  Missouri 


Data  Siartad  8/13/81  Complatad  8/14/81 
OrillafB- 


Rig 


AOOraviatiom:  A.O.  -  Augir  Onty  R.B.  -  Reck  Bit  C.w.  -  Cert  Wtwr 

H.A.  -  Hollow  Augv  S.5.  -  Split  Spoon  C.A.  -  Cort  Air 

W.B.  -  WathBoft  S.T.  -  SiMlby  Tubt  F.b.  >  Fmgv  p" 


DEPTH 


I 


PROM 


t 


TO 


O 

o 

z 


PENETRATION  RECORD 


O 

Ul  H  K 
UJ  uj 

U  2  r- 
&  s.  2 


u.  u 
OS 

62 

zea 


> 

cc 

Ul 
> 
Ul  O 

c  u 
O  m 
U  c 


SAMPLE  DESCRIPTION 


COLOR-MATERlAL-MOISTURE-^jj^J^JJIj^^''*^^ 


0.0' 


1.0' 


WB 


Topsoil 


I 


1.0' 


5.0' 


WB 


Brown  silty  clay,  very  stiff 


5.0' 


9.5' 


WB 


Dark  brown  clayey  sand,  med.  dense 


9.5' 


11.0' 


SSI 


3-5-5 


1.4' 


Same 


111. O' 


13.0’ 


WB 


Same 


I'^.O' 


15.0' 


WB 


15.0' 


20.0' 


I 


:o' 


25.0' 


WB 


WB 


Gray  &  brown  silty  clay  w/trace  sand, 
very  stiff 


Same 


Same 


25.0' 


28.0' 


WB 


Brown  silty  sand  w/trace  clay,  med.  dens 


28.0' 


29.5' 


WB 


Same 


|29.5' 


31.0' 


SS2 


3-5-5 


1.4' 


Same 


31.0' 


32.0' 


WB 


Same 


132.0' 


35.0' 


WB 


Blue  gray  sandy  silt,  very  stiff 


i35.0' 


40.0' 


WB 


Same 


40.0' 


Total 


depth 


r 


MARKS:  (Catina  Water  Lon,  Etc.) 
umped  1-1/2  hour  -  2  GPM 


"STaTIff" 

Water  Laval 

30.4 


Tima  Data 

_  9/^0/®l(Complation) 


1« - 

Compmnyjnc. 


C-191 


U»iNS'l  HllCi  ION  lU’  >Ma.L 


elevation*  taken 
from  top  of  easing 

thraadad  cap  and 
Mia  adapter 


4*  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4  diameter.  Class 
160,  PVC  pipe 


cement  grout 


bentonite  seal 


hand- slotted 
PVC  pipe' 


gravel  pack 


S'  long  Schedule  40 
•  020  PVC  screen  ^ 


£LEV.  7fc4.47 


E.LE.V.  Ifc2.3 


ELE.V.  726.5 


UllNiil  Ulir.llDN  Di"  NN  M  i 


0 


clrifdtions  taken. 


£LEV.  74,4.47 


ELLELV.  7^,Z.3 


ELEV.  -74!. 8 


ELEV.  725  B 


C-193 


'Rtfftriwy.M^Mcwr  Z/§r 


Pfoi»t  Lake  City  AAP 

I  _ 


TEST  BOWING  LOG 
_  Boring  No. 


inr  4-1 


ft  Sti 


Sttt.  Independence .  MIsboutI 


DEPTH 


Surfact  El«v«ion__J^£j_^^^_  Offwt 
_  D«.S,^ 

'  Dfiily  B«  Blftak  Rig 

Abbrtviations:  A.O.  .  —  Augir  Only  R.B.  -  Rock  Bit  C.W.  -  Core  Meter 

H.A.  -  Hottow  Au^  S.S.  -  Split  Spoon  C.A.  -  Core  Air 

W.B.  —  Math  Bore  S.T.  -  Shelbv  Tube  F.B.  -  Finger  Bit 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-|J^P  MNSITY^'^^'^ 


|marks;  (Caitng,  Wsttr  Loti,  Etc.) 


•d  2  hours 


pfm-UbsUrfF  Companyjne. 


static 

WstBr  Uowtl 


18.9 


9/11/81  (Complttion) 


U)Ni5l  ltU<:i  U>N  Ul  W  IXL 


elevations  taken. 


MW  4-2. 


C-195 


I 

Prejwt 

I : 

juv  &sti 

I 


Lako  City  AAP 


TEST  BORING  LOG 
Boring  No. 


Ill  4-2 


Shoot  1  of  1 


Surfoeo  Elovotion 


Doto Stortod  8/24/81  Compiotod  8/25/81 


Independence.  Illssourl 


Drillor 


T.  Butler 


AbOroviatiom:  A.O.  —  Auga  Only  R.l.  —  Hock  Bit  C.W.  —  CoraWrar 

H.A.  -  HeltowAugw  S.S.  -  Setn  Spoon  C.A.  -  Cora  Air 

W.B.  -  noth  Bora  S.T.  -  SMby  Tub*  F.B.  -  Fingar  B>t 


DEPTH 


PENETRATION  RECORD 


Companyjnc. 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-ljjjJo  OEnIItv^*^'^^ 


Dark  brown  silty  clay,  soft 


10.0 


9/11/  81(Complotion) 


C-196 


u»i>is'i  i{(u:ii(>i\  ur  w  U.L 


elevations  taken. 


MW  4-3 


C-197 


elevations  taken, 
from  top  of  casing' 


(»r  u  i.i.i 


MW  +-3 


c-i9e 


(^TMnvio^Mrwr 


r 


City  Atf 

r _ - 

I* 

Mv&S 

I 


&Statt  Indapendence,  Ulssourl 


TEST  BORING  LOG 
fiorino  Na 


Iff  4-3 


ShMt  ^  of  ^ 


Surfan  Elevation  755 . 9 


Offaat 


Data  Started  8/12/81  compi««i  8/12/81 


Driller 


T.  Butler 


Rig 


Abbraviationc  A.O.  -  Augtr  Only  R.B.  -  Rock  Bit  C.W.  -  Cert  Water 

H.A.  -  Hetiew  Au^  S.S.  —  Split  Spoon  CA.  -  Cert  Air 

W.B.  -  WMhBort  S.T.  -  Shatbv  Tube  F.B.  -  Fin«ar  Bn 


I 

I 


DEPTH 


FROM 


0.0' 


I 

I 


1.0' 


TO 


1.0' 


7.5' 


7.5' 


9.5 


1 


11.0' 


'2.5' 


17.0' 


^19.5* 

I 


21.0' 


23.0' 


1 


28.0' 


.  33.5' 


I 


34.5' 


1 

t 


40.0' 


9.5' 


11.0 


12.5' 


17.0' 


o 

o 

z 

UJ 

s 


WB 


WB 


WB 


STl 


WB 


WB 


19.5' 


21.0' 


23.0' 


28.0' 


33.5' 


34.5' 


40.0' 


Tot&l 


WB 


ST2 


WB 


WB 


WB 


WB 


WB 


nepth 


PENETRATION  RECORD 


O 

■UK  — 

y  z  ^ 

SiHS 


d2 

Za 


4.5 


1.0 


^  '4RKS:  fCaiittg,  Water  Low.  Ite.) 

Pwp»d  1-1/a  hour  -  1  GPU 


Con^mnyjnc. 


> 

c 

ui 
> 
uj  o 

a:  u 

O  UI 
u  oc 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-|jjjJp  oEnIIty^*^'^'^ 


Topsoil 


Dark  brown  silty  clay,  soft  to  med. 


Brown  silty  clay,  med.  to  stiff 


Brown  silty  clay,  very  stiff 


Brown  silty  clay,  stiff 


Light  gray  silty  clay,  soft  to  med. 


Light  brown  silty  clay,  soft  to  med. 


Light  gray  silty  sandy  clay,  med. 


Light  gray  silty  sandy  clay,  soft  to  me 


Light  gray  silty  clay  w/ trace  sand, 
soft  to  med. 


Light  gray  silty  clay  w/trace  sand,  sof 


Light  gray  silty  clay  w/trace  sand  S~ 
weathered  shale,  soft  to  med. 


Light  brown  sandy  clay,  soft  to  med. 


-Bmrg- 

Waterirevei 

8.0 


Tima  Date 

_ 9/11/81  (Completien) 


C-X99 


LOWS  I  II u:  I  K  JIM  i>l  NM.l.L 


•Icvatiens  taKcn 
from  top  of  easing 

thraadad  Cap  and 
attla  adaptar 


4'  long  staal 
protactiva  casing 
with  lockabla  cap 


vwap  hole 


4"  diameter,  Class 
160,  PVC  pipe 


cement  grout 


bentonite  seal 


hand-slotted 
PVC  pipe 


gravel  pack 


S'  long  Schedule  40 
.020  PVC  screen 


MW  4-4 


£LEV  7^4.55 


E.LE.V. 


£L£V.  74^.  (p 


EL£V.  72>0.(e 


I 

p : 

My&S 

I 


Lake  City  AAP 


TEST  BORING  LOG 
____  Boring  No. 


mr  4-4 


Shoot  1  of  1 


V  &  Sum 


Independence,  Missouri 


DEPTH 


______  Surfoco  Elo»otion  ^  Offut 

_____  DotoStortod  Comolotod  8/13/81 

B.  Blank 

DfillOf  Rig 

AbOrawatient;  A.0  -  Auov  Only  R.g.  -  Reek  Kt  C.W.  -  Core  Water 

H.A.  -  Heiiew  Augv  S.S.  -  Solii  Seeen  CA.  -  Cert  Air 

W.8.  -  Wash  Beit  aT.  -  Shaibv  Tube  F.B.  -  Fingtr  Bit 


sample  description 


COLOR-MATERIAL-MOISTURE-|Jj*Jg|JJ|[^^''CV 


9/^l/8  IfComplotion) 


elevation*  taken. 
from  top  of  easing 

threaded  cap  and 
■tale  adapter ' 


4’  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4" 


diameter.  Class 
160,  pvc  pipe 


cement 


grout 


bentonite  seal>^ 


gravel  pack 


long  Schedule  40 
•010  PVC  screen 


TEST  BORING  LOG 


IfPjfei  L«ke  City  Amy  Aainunition  Plant 


Boring  No.  m 
Surfact  EItvnion 


r* 

I  ty  ft  Si 


DEPTH 


Abbrcnstiom:  A.O.  -  Augw  Only  R.8.  —  Rock  Bit  C.W.  -  Core  Wettr 

M.A.  —  Hotlow  Augtr  S.S.  —  Sotit  Spoon  C.A.  -  Core  Air 

W.B.  -  WMh  Bore  S.T.  -  Shelby  Tube  F.B.  -  Fmper  Bit 


PENETRATION  RECORD 


sample  description 


FROM 


color-material-moisture-|]^J  oenIItv^'^'^^ 


2)  hours  B  3.5  GPM,  not  Bteadil 


\litun6 - U/pxf^rn  Cnmnftnti.  Inc. 


Before 

Pumping  .  1 /?s/fla|Cempi»tion) 


C-203 


WELL  CONSTRUCTION 


WELL  CONSl RUCTION 


C-205 


i/g^ 


TEST  BORING  LOG 


Pfoj*f.|  Lake  City  Annv  Anununition  Plant 


ft  s 


!  Lake  City  Plant _ 

State  Independence,  Missouri 


Boring  No.  TH  1 

S'jrface  Elevation  761.5  Offset 

Date  Started  9/26/83  Completed 


Abbreviations; 


DEPTH 


PENETRATION  RECORD  > 


FNom 


_ 

I  1 .0* 


_ 5'0' 

I-..; 

14- 

—fa.il 

Jy.,51 

13,  o» 

|li.  ,0' 

-^•IL 

lii.n* 


13i  O' 


S  O 

O  HOC, 


T  UJ  t-  ® 

^  ^  U,u 


^  ui  0  2 

^  85^  b2 

S  a  0.  S  Z  cQ 


1.0'  HA 
2.5'  SSI 

4.0'  SS2 
5.5'  SS3 

7.0'  SS4 
8.5'  SS5 

10.0'  SS6 
11.5'  SS7 

13.0'  SS8 
14.5'  SS9 

16.0'  SSIO 

17,.  5' _ ss;i 

19.0'  SS12 

2Q..5' _ sail. 

22.0'  SS14 


ARKS:  (Casing,  Water  Lou,  Etc.) 


5- 7-10  0.3' 

6- 6-6  1.5' 

6-7-10  1.5' 

3- 6-7  1.5' 

4- 6-10  1.5' 

3-6-8  1.5' 

3-6-9  1.5' 

3-5-5  1.5' 

2-4-6  1.5' 

2-4-4  1.5' 

2-4-6  1.5' 

2- 5-6  1.5' 

3- 4-6  1.5' 

2-4-5  1.5' 


Driller_ 

M.  L.  Blank 

Rig 

D-12 

A.O.  - 

Auger  Only 

R.8. 

—  Rock  Bit 

C.W. 

H.A.  - 

Hollow  Auger 

S.S. 

—  Split  Spoon 

C.A. 

W.B.  - 

Wesh  Bore 

S.T. 

-  Shelby  Tube 

F.B. 

Sheet _ 1  of  2 


9/26/83 


Finger  Bit 


SAMPLE  DESCRIPTION 


COLOR-MATEfllAL-MOISTURE-|^^  DEnIIty^^^'^ 


Brown  silty  clay,  moist,  very  stiff _ 

Brown  &  dark  brown  gray  silty  clay,  fill,  iron 
stains,  moist,  very  stiff 

Gray  &  brown  silty  clay  w/iron  stains,  trace 
of  roots  6  small  rock,  fill,  moist,  -stiff 

Gray  &  brown  very  silty  clay,  w/iron  stains, 
trace  small  rock,  moist,  very  stiff 

Gray  very  silty  clay  w/iron  stains,  moist, 
stiff _ 


Gray  w/brown  silty  clay,  w/iron  stains,  moist, 
stiff  (possible  fill) 

Gray  very  silty  clay  w/  iron  stains,  moist, 
stiff  (increasing  moisture  content) 


Gray  fine  sandy  silty  clay,  w/trace  iron  stain 
&  small  rock,  moist,  medium  (possible  fill?) 
Gray  veiry  silty  clay,  trace  fine  sand  6  sma3*l 
rock,  moist,  stiff,  (possible  fill?) 

Gray  w/trace  brown  very  silty  clay,  trace  iron 

stains,  moist,  stiff  (possible  fill?) _ 

Gray  w/trace  brown  very  silty  clay,  becominef 
sandier  w/depthi,  moist,  stiff 

Gray  w/trace  brown  silt,  traces  of  fine  sand 
t  clay,  moist,  stiff _ 

Gray  w/trace  brown  clayey  silt,  trace  iron 


Water  Level 


(Completion) 


///--A _ Z' _ 


J 


TEST  BORING  LOG 


^roi«ct  Lake  City  Army  Ammunition  Plant 


■  _ 

____ 

Ay  &  State 


Boring  No.  TH  1 
Surface  Elevation 

Date  Started _ 

Driller  _ 


Sheet  2  of  2 


_ _  Offset 

Completed  _ 
_  Rig 


PENETRATION  RECORD 

6 

n- 

Ui  H 

^  UJ  UJ 

os 

oz|- 

Ouj  w 

O  J 

a.  0.  S 

Z  09 

Abbreviations:  A.O.  —  Auger  Only  R  B.  —  Rock  Bit  C.W.  -  Core  Water 

H.A.  —  Hollow  Auger  S.S.  —  Split  Spoon  C.A.  -  Core  Air 

W.B.  -  Wash  Bore  S.T.  -  Shelby  Tube  F.B.  -  Finger  Bit 


SAMPLE  DESCRIPTION 


ARKS:  (Casing,  Water  Loss,  Etc.) 


COLOR-MATERIAL-MOISTURE-|^J  DENSITY^^'^'' 


Gray  w/trace  brown  silt,  w/traces  of  clay, 
moist,  stiff 


Gray  silt,  w/traces  of  clay  in  upper  zone,  ver 
moist,  (increasing  moisture  w/depth) ,  stiff 


Water  Level  Time 


(Completion) 


^ifne-U/estern  Compantfjnc. 


TEST  BORING  LOG 


‘^foiact  Lake  City  Army  Ammunition  Plant 


Lake  City  Plant 


•tv  &  State  Independence,  Missouri 


DEPTH 


Boring  No.  TH  2  &  MW-4-6  Sheet  1  of  3 

Surrace  elevation  770 , 9  Offiet 

Date  Started  9/27/83  Completed  9/27/83 
Driller  M.  L.  Blank  Rig  0-12 


k 

Rig 

D-12 

R.B. 

-  Rock  Bit 

C.W.  —  Core  Water 

S.S. 

-  Split  Spoon 

C.A.  —  Core  Air 

S.T. 

—  Shelbv  Tubs 

F.B.  -  Finger  Bit 

• 

10.0'  11.5'  SS7 


11.5'  13.0'  SS8 


14.5'  SS9 


14.5'  16.0'  SSIO 


18.5' 

SS12 

20.0' 

SSI  3 

21.5' 

SS14 

23.0' 

SS15 

SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-|^^  DENSITY^'^'^^ 


Topsoil  _ _ _ 


Gray  brown  clayey  silt,  trace  of  roots, 
slightly  moist,  spiff  _ 


Gray  brown  clayey  silt,  trace  of  roots, 
slightly  moist,  medium 


Gray  &  brown  very  silty  clay,  trace -of  dark 
&  iron  stains,  moist,  medium  (fill) 


Gray  &  brown  very  silty  clay,  trace  of  dark 
&  iron  stains,  moist,  stiff  (fill) 


Gray  w/brown  very  silty  clay  w/gray  clay  pocke 
trace  of  roots,  moist,  stiff  (fill) 


Gray  w/brown  very  silty  clay  w/gray  clay  pocke 
w/dark  nodules,  moist,  stiff  (fill) 


Brown  w/gray  very  silty  clay,  trace  of  dark 
nodules,  moist,  stiff  (fill?) 


Brown  &  gray  very  silty  clay,tr.  of  dark  nodul 
&  iron  stains,  moist,  stiff 


Brown  &  gray  very  silty  clay, tr. of  dark  nodule 
&  iron  stains,  sand  fi  small  rock,  moist,  stiff 


Gray  very  silty  clay,  traces  of  dark  nodules, 
fine  sand  &  small  rock,  moist,  very  stiff _ 


Gray  very  silty  clay,  traces  of  dark  nodules, 
&  iron  stains,  moist,  very  stiff  » 


Gray  &  brown  very  silty  clay,  dark  &  iron 
stains,  moist,  very  stiff 


PMARKS:  (Casing,  Water  Lou,  Etc.) 


w/augers  in 


Water.Level  Time  Date 

28.3'  2:15  pm  9/27 /83 (Completion) 


20.5'  10:00  am  9/28/33 


l^nB-iUestem  Companyjnc. 


TEST  BORING  LOG 


Projtct 


Boring  No.  TO  2  t  MW-4-f 


Surface  Elevation 


Date  Started 


Completed 


Tty  &  State 


MARKS:  (Casing,  Water  Loss,  Etc.) 


Abbreviations:  A.O.  —  Auger  Only  R.B.  —  Rock  Bit  C.W.  —  Core  Want 

H.A.  —  Hollow  Auger  S.S.  —  Spin  Spoon  C.A.  -  Core  Air 

W.B.  —  Wash  Bore  S.T.  —  Shelby  Tube  F.B.  -  Finger  Bn 


SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-^^J  DEnIItV^^^^ 


Gray  &  brown  very  silty  clay,  dark  &  iron 
stains,  moist,  very  stiff 


Same  (sample  gets  grayer  w/depth) 


Brown  &  gray  very  silty  clay,  traces  of  iron 
&  dark  stains,  moist,  stiff 


Brown  &  gray  very  silty  clay  w/dark  stains, 
traces  of  iron  stains,  moist,  stiff 


Brown  .&  gray  very  silty  clay,  traces  of  small 
rock  &  iron  nodules,  moist,  very  stiff 


Brown  &  blue  gray  very  clayey  silt  w/dark  sta; 
moist,  very  stiff 


Brown  &  gray  clayey  silt  w/dark  &  iron  stains 
moist,  very  stiff 


Brown  &  gray  clayey  silt  w/dark  &  iron  stains 
w/traces  of  small  rock,  moist,  very  stiff 


Same 


Brown  &  gray  clayey  silt  w/dark  &  iron  stains 
w/traces  small  rock  &  fine  sand,  moist,  v.  st; 


Same 


Same  (Note:  rock  is  concentrated  in  zones  in 
sample  6  is  mostly  chert) 


Brown  &  gray  sandy  clayey  silt,  w/dark  & 
iron  stains,  traces  of  small  rock,  moist,  ver 


stiff  (water  on  sampler) 


Brown  &  gray  sandy  clayey  silt  w/dark  & 
iron  stains,  w/lots  of  rock  &  sandy  zones,  mo. 


Watw  Level  Time  Date 


(Completion) 


^^fyne-U/estern  Companyjnc. 


C-209 


TEST  BORING  LOG 


Project  Loleo  City  Army  Anrounition  Plant 


I 

Vtv&S 


Bortrtg  No.  TH  2 
Surface  Elevation  _ 


Sheet_2 _ of 


Date  Started 


Completed 


ty  &  State 


Abbreviettom:  A.O.  -  Augtr  Only  R.B.  -  Rock  Bit  C.W.  ~  Core  Water 

H.A.  —  Hollow  Auger  S.S.  —  Split  Spoon  C.A.  ~  Core  Air 

W.B.  —  Wash  Bore  S.T.  —  Shelby  Tuba  F.B.  -  Fingar  Bit 


DEPTH 


PENETRATION  RECORD  > 

- ^ — -  C 

O  Ui 

I-  oc  > 

stiuiu  05  ~g 

OSui  otj  OUl 

al^S  2  CD  U  E 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-|^^  DEnIIty^'^'^'^ 


Brown  £  gray  sandy  clayey  silt  w/dark  & 
iron  stains ,  w/lots  of  rock  &  sandy  zones ,  mo; 


very  sti 


'MARKS:  (Casing,  Water  Lon,  Etc.> 


Water  Level 


(Completion 


ffgi^ne-U/estern  Companyjnc 


C-210 


C1»NS  I  ULU:i  K)N  CM’  NN  Kl.L 


•Itvations  taken. 


MW  5-1 


I  - 

it 


Lake  City  AAP 


TEST  BORING  LOG 
ierinc  No. 


Surfm  Elvrnion 


MW  5-1 
751.7 


of  1 


Dott  Stortod  8/10/81  Comptotad  8/10/81 


Independence.  Missouri 


Drillor 


T.  Butler 


DEPTH 


I  PROM 


111.0' 


15.0' 


121.0' 


23.5' 


134.0' 


11.0' 


15.0' 


19.5' 


21.0' 


23.5' 


29.5' 


34.0' 


40.0' 


AbbrawiMiom:  A.O.  -  Au(w  Only  R.l.  -  Ploek  til  C.W.  -  Cart  Woitr 

H.A.  -  Hetlow  Aufr  5.S.  —  Sot't  Soeen  CA.  -  Cart  Air 

W.l.  -  Mothtait  &T.  -  anttbyToOi.  F.l.  -  Finfir  Bn 


PENETRATION  RECORD 


STl  2.0 


ST2  2.5 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-Djj^  OeUbItY^***^^ 


Topsoil 

Light  brown  silty  clay,  med. 

Gray  silty  clay,  med. 

Gray  silty  clay  w/trace  sand,  stiff 
Gray  silty  clay  w/trace  sand,  med. 

Light  brown  silty  clay  w/trace  sand 
Light  brown  k  gray  silty  clay,  very  sti 
Light  gray  sandy  clay,  med. 

Light  gray  sandy  clay,  soft  to  med. 
Light  gray  sandy  clay,  med.  to  stiff 
Light  gray  sandy  clay,  soft  to  med. 


40.0'  Total  deptl 


AeaRKS:  (Catina  Wlattr  Low.  Etc.) 
*  aped  1  hour  -  2  GPU 


Static 

WamrLfvtl 

12.8 


9/11/81 


(Compittion) 


‘mm 

SwA 


Companyjnc. 


C-21J 


u»NSi  mu:i  loiN  ur  u  i  i.i. 


elevations  taken. 


MW  5-2. 


!• 

I 


C-213 


I 

r 


Lak«  City  AAP 


TEST  BORING  LOG 
_  Boring  No. 


Ml  5-2 


lof  1 


Surtoet  ElOMtion  753.6  Offwt 


Dott  Stiitog  7/28/81  Compiottd  7/28/81 


.^ity  B  Suti 


lnd«pBDd«&ee,  Missouri 


Drilkor 


T.  Sutler 


AbtorawiMiem:  A.O.  -  Augir  Only  II.I.  —  Heck  Bit  C.W.  -  Cor*  Water 

H.A.  —  Holtowr  AufW  S.S.  -  Split  Sooon  CA.  -  Cort  Air 

W.B.  -  WMkBot*  S.T.  >  SMOyTub*  F.B.  -  Fingar  Bit  * 


SAMPLE  DESCRIPTION 
COLOH-MATEBIAL-MOISTUR6-|i;*J 


Brown  B  gray  silty  clay,  still 


Dark  brown  silty  clay,  solt 


UlNii  l  JUU:!  lOIN  ur  Wl.l.L 


elevations  taken 
from  top  of  casing 

threaded  cap  and 
stale  adapter 


4'  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4  diameter.  Class 
160,  PVC  pipe 


cement  grout 


bentonite  seal 


hand-slotted 
PVC  pipe 


gravel  pack 


S'  long  Schedule  40 
.020  PVC  screen 


75-6.54 


E.LELV.  7S4.5- 


ELEV.  7£9.5- 


ELE.V.  7/2.6 


MW  5-3 


Prpiwt, 


!• 

iSny  &  St 


Lake  City  AAP 


lndep«Bd«nce ,  lllssouri 


DEPTH 


TEST  BORING  LOG 

______  Bofitw  No.  MW  5-3  Shwt  1  of  1 

_______  Surfact  Elfition  ‘  ^  OffMt  __________ 

_____  Data  Startad^  S/lO/Sl  Complatad  8/11/81 

_  Drillar  Rig  __________ 

Atabr«Matiem:  A.O.  •>  Augv  Only  R.B.  -  Rack  Bn  C.W.  -  Cwt  Wntr 

H.A.  —  HMlew  Augw  S^.  -  Soiit  Soeen  CA.  -  Car*  Air 

W.B.  -  WMhBact  S.T.  -  SMIbv  Tub*  F.B.  -  Finftr  Bit 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-|jj*J  DEnIIty^’^'^'^ 


Topsoil 


Gray  brown  silty  clay,  stiff 


Same 


Same 


Same 


Same 


Same 


Same 


Same 


•Itvations  taJitn. 
fren  top  of  easing ' 


£LE«  755“.  53 


MW  5-4 


ELE.V.  7/7  / 


inr  5-4 


lof  1 


I  ■ 

it 


TEST  BORING  LOG 

*i«ct  Lalf  City  AAP _  BorioB  No. _ ^  _  ShMt _ ^ 

_ _ _ _ _  Surfact  Etwation  753.4  _ 

^  Data Startad  7/28/61  Complatad  7/28/81 

SiMa^ _ Independence.  MlBsourl _  oniiar  J .  Von  Holt _  Ri« _ 


Abbravwtient:  A.O.  -  Augv  Only  R.B.  -  Rock  Bit  C.W.  -  Cere  Wow 

H.A.  -  Hotlonv  AUBV  S.S.  -  Split  Seeon  C.A.  -  Cert  Air 

W.B.  -  WethBert  S.T.  -  SMbyTubi  F.B.  -  Finftr  Bn 


SAMPLE  DESCRIPTION 


COLOR-MATE  H I A  L-MOISTURE-|jjjJ^  DENs'lTV^*^'^^ 


Topsoil 


Brown  silty  clay,  stiff 


Brown  &  gray  silty  clay,  stiff 


Gray  w/ trace  brown  silty  clay, -stiff 


Yellow  brown  L  gray  sbaley  clay  w/trace 
sand  b  gravel,  stiff _ 


(Casing,  Watar  Loss,  Etc.) 

Static 
Watar  Laval 

Tima 

Date 

7.4 

9/11/  ®  jtomplation) 

f  i 

4 


Compmnyjhc. 


C-218 


V 


1  Ji  l)(.  i  KnN  (n  »> 

elevations  taken. 


MW  b-l 


C-219 


iA>L\ 


elevations  taken 
from  top  of  casing 


threaded  cap  and 
male  adapter 


4 '  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4”  diameter,  Class 
160,  PVC  pipe ^ 


cement  grout 


bentonite  seal^ 


hand-slotted 
PVC  pipe  V 


gravel  pack 


5'  long  Schedule  40 
.020  PVC  screen 


TEST  BORING  LOG 
Soring  No. 


Shoot  1  of  1 


Kt 


Lake  City  AAP 


UW  6-1 


Surfoct  Elovation 


774.7 


OffMt 


ran 


&  Sato  Independence.  Missouri 


Otto  Sarfd  8/5/81  CompHiod 
Dfiltof  D.  Vogt _  Rig  _ 


8/5/81 


AbhfWi«iOf»:  A.O.  -  Augir  Onlv  -  hock  Bit  W.  -  Cort  Water 

M.A.  -  Hollow.  Augw  S.S.  -  Sotit  Soopn  C.A.  -  Cora  Air 

W.B.  -  Waih  Bora  E-T.  -  Sholbv  Tuba  F.B.  -  Fmgtr  Bit 


w  DEPTH 

METHOD 

penetration  record 

COHE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-U^p  SenI'tY^^'^^ 

TO 

pocket 

PENETRO 

MEIER 

NO  OF 
BLOWS 

3.0* 

B9 

WB 

1 

1 

; Topsoil 

L.5' 

WB 

1  “I 

!  1 

(Dark  brown  silty  clay,  stiff 

1 

7.0' 

0 

0 

r-i 

WB 

1 

i 

i 

1 

Gray  brown  silty  clay,  stiff 

10. O' 

11,5' 

WB  1 

i 

1 

1 

Same 

11.5' 

20.0' 

WB 

Same 

JO  ' 

22.3' 

I  WB 

Weathered  limestone  lenses  it  gray  shal« 

J2.^ 

32.0' 

WB 

Gray  shale,  med. 

32.0' 

40.0' 

WB 

■ 

- 1 

Maroon  shale ,  bard 

10.0' 

Total 

depth 

- i 

1 

1 

1 

f 

S:  ICooin^  WoMr  Lom.  Etc.) 

PuAd  1-1/2  hour  -  1  GPM 


Woior  Lovol  Tina  Oott 

7.5  ®/^®/®^(Comp»otion) 


I  Compmnyjnc. 


c-221 


LUNSTItUCIION  OI  W  I  LL 


elevation*  taken. 


MW  b-^ 


C-232 


u)i\.s  ri{iu:i  ioN  ur  wnix 


elevations  taken 
Crum  top  of  casing 

threaded  cap  and 
male  adapter 


4 '  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4  diameter.  Class 
160,  PVC  pipe 


cement  grout 


bentonite  seal 


hand-slotted 
PVC  pipe 


gravel  pack 


5*  long  Schedule  40 
.020  PVC  screen 


£lev.  iQs.qb 


EILelv.  753.^ 


a  tv.  77Z.q 


ELE.V.  759.4 


MW  (o-Z 


LAk«  City  AAP 


Independence ,  Mlesourl 


Bonn9No. 


MW  6-2 


SttMt 


’  Of 


783.9 


OflHt 


iStat* 


SurtM  Eiavition^ 

»/«/«! 

Dritif  ^8^  Rig  _ 


Abbramatient:  A.O.  -  Augar  Only  R.S.  -  Meek  8ii  C.W.  -  CoraWati 

H.A.  —  HoltOM  Au^  S.S.  —  Soiit  Seoon  C.A.  -  Cart  Air 

W.B.*  -  WMhBort  S.T.  -  Shalby  Tubt  F.B.  -  Finvir  B<t 


■ 

■ 

DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-|jjjJp  DEnIItv^^'^^  ^ 

FROM 

TO 

POCKET 

PENETRO 

METER 

NO.  OF 
BLOMS 

0.0' 

1.0' 

WB 

Topsoil 

m 

1.0’ 

WB 

1  ! 

! 

!  Dark  brown  silty  clay,  soft 

m 

11.0' 

WB 

1  i 

1  i 

Brown  silty  clay,  stiff 

11.0' 

17.0' 

WB 

Olive  brown  weathered  shale .  soft  to 

17.0' 

27.0’ 

WB 

Gray  shale,  med. 

■ 

m 

28.0* 

WB 

1  Weathered  limestone  lenses  &  gray  sba 

40.0’ 

WB 

Gray  shale,  hard 

Total 

depth 

■ 

e 

i 

1 

ICaennWBtBrLaii,Ete.) 

Puap^d  1-1/a  hour  -  1-1/2  GPU 


Wattr  LavBl  Tim* 

4.2 


Data 

0/10^81, Comp.«io 


ter  •Uhwtfn  Compmnyjnc, 


C-224 


CONSUtHCnoN  0|-  WIXL 

elevations  taken.' 


MV  fc-3 


C-225 


Lake  City  AAP 


Sh*tt _ ^of  ^ 


^drtn 

Py  &  Si 


TEST  BORING  LOG 

______  Borina  No.  ^  Shaat  ^  of 

Surfaet  Elavatiow  787  «1  Offwt 

_  Data  Startad  8/6/81  complatad _ ^6/81 


Independence,  Missouri 


Drillar 


T.  Butler 


DEPTH 


■  FROM 

L.O’ 

|0.5’ 

'9.0' 

[l0.5' 

-..5’ 

|20.0' 

22.5* 

I27.5' 

|28.0' 

30.0' 

tai.o' 

33.5* 

40.0' 


0.5'  WB 

4.0'  WB 

9.0’  WB  I 

10.5’  STl  3.5 

_ I 

13.5’  WB 

19.0'  WB 

20.0’  ST2  4.5 
22.5'  WB 

27.5'  WB 

28.0'  WB 

30.0'  WB 

31.0'  WB 

33.5'  WB 

40.0'  WB 

Total  deptli 


PENETRATION  RECORO 

POCKET 

PENETRO 

MEIER 

NO  OF 
BLOWS 

r 

_ 

AtaOrawMiont;  A.O.  —  Au^  Onty  R.B.  —  Rock  Bit  C.Vv.  —  Cor*  Wrar 

H.A.  -  HeiiOMAugr  S-S  -  Split  Soeeo  C.A.  -  Cor*  Air 

W.B.  —  Wash  Bor*  S.T.  —  SMbv  Tub*  F.B.  —  Fingir  Bit  * 

mol  Z  !  SAMPLE  DESCRIPTION  ^ 


COLOR-MATBRIAL-MOISTURE-^J 


Topsoil 

Dark  brown  silty  clay.  med.  to  stiff 

Light  brown  silty  clay,  med.  to  stiff 

- - 

Light  brown  silty  clay,  very,  stiff 
Tan  silty  ciay  w/trace  weatherea  snaxe 
stiff _ 

Light  tan  shaly  clay,  stiff 

Light  tan  fc  gray  shaly  clay,  very  stif; 

Light  gray  shale,  med.  to  hard 

Sane 

Dark  gray  sandy  shale,  med.  to  hard 

Light  gray  shale,  med.  to  hard 

Same  • 

Dark  gray  sandy  shale,  med.  to  hard 

_ a. 

Light  gray  shale,  med.  to  hard  • 


AWKf:  (CBBina  Wanr  Lem,  Etc.) 

1  hour  -  1-1/2  GPM 


;atic 

iwr  LbvbI 


Tknt  Date 

_ 9/10/W  (CompiBrioiri 


/e 


C-226 


\ 

I 


u>NS'Mau:i  i(iN  tH* 


elevations  taken. 


MW  fe-4 


C-227 


Lak«  City  AAP 


ca  4  Donii\>vj  luG 

____  BorififNa 


MW  6-4 


Sh— t  i  of  1 


Surfaet  Elmnien 


780.6 


Offan 


idr 


I 


& 


Independvne*.  Missouri 


T.  Butlsr 


Driller 


Rifl 


AbtareMMiOflt;  A.O.  -  Aufir  Onty  R.l.  -  Rock  ■u  C.W.  -  Car*  < 

H.A.  -  Hollaw  Aufir  S.S.  -  Solit  Seoon  C.A.  -  Cor*  Au 

W.t.  -  Wwh  lor*  ST.  -  ShMby  Tubt  k.f.  .  fit 


DEPTH 

1 — 

1  PENETNATIOM  RECORO 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATERlAL-MOlSTURE-|jj*J  DEnIItv^^*^^ 

FROM 

TO 

METHOD 

POCKET 

PENETRO 

METER 

zm 

0.0’ 

0.9’ 

WB 

1 

1 

i 

1 

1 

j  Topsoil 

m 

IB 

1 

WB 

i  ; 

1 

1 

1  Brows  silty  clay,  med. 

m 

IB 

WB 

! 

1 

1 

I 

1  Dark  gray  silty  clay,  med. 

1 

7.0’ 

9.5' 

WB 

1 

1  _  _ 

Light  brown  silty  clay,  med.  to  stiff 

m 

11.0’ 

B 

■■ 

Light  brows  silty  clay,  very  stiff 

11.0’ 

12.5’ 

WB 

! - 

1 

! 

Same 

11^ 

15.5’ 

WB 

, 

Light  tan  shaly  clay,  stiff 

L5.T’ 

16.0’ 

WB 

1 

Weathered  shale,  hard 

BB 

WB 

Light  tan  shaly  clay,  med.  to  stiff 

m 

23.0' 

WB 

Light  gray  shale,  mod.  to  hard 

B 

ED 

WB 

Dark  gray  shale,  med.  to  hard 

:5.0’ 

40.0' 

WB 

1 

Light  gray  shale,  med.  to  stiff 

0.0’ 

Total 

dspth 

i 

- 

4RICS:  ICaiitt,  WflMr  Lo«,  Etc.) 
a  14  1-1/2  hour  -  1-1/2  GPM 


WMrLeMl 

3.7 


Time 


Dne 


CompMyJne: 


C-228 


I 


rojwt 


TEST  BORING  LOG 
Lake  City  Army  Ammunition  Plant _  Boring  No. 


MW  6-5 


Shwt  1  of  1 


Surface  Elevation 


778.3 


:itv&Sute  Independence,  Missouri 


Date  Started  1/5/83 
Driller  R-  Kelly 


Completed  1/5/83 


CME-55 


Abbreviations:  A.O.  -  Auger  Only  R.B.  -  Rock  Bit  C.W.  -  Cora  Water 

H.A.  -  Hollow  Augw  S.S.  -  Split  Spoon  C.A.  -  Cora  Air 

W.B.  —  Wash  Bore  S.T.  —  Sbalby  Tuba  F.B.  ^  Finger  Bit 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-^^2  oensity^^'^^ 


ARKS;  (Casing,  Water  Loss,  Etc.) 


iry"*  •U/estem  Companyjnc. 


Water  Level 


4;00pa  1/5/83  (Completion) 

3830pm  1/6/83 


I 

Project 


TEST  BORING  LOG 


Lake  City  Anny  Aomiunition  Plant 


Boiing  No. 


MW  6-6 


Sheet  ^  of  ^ 


Independence,  Missouri 


Surface  Elevetkw  778.4  Offwt  ________ 

Date  Started  1/7/63  Completed  1/7/83 

Driller  Kelly  Pig _ CME-55 


Abbrawationt:  A.O. 

-  Au^  Only 

R.B. 

-  Rock  Bit 

C.W. 

-  Cora  Water 

H.A. 

-  Hollow  Augu 

S.S. 

-  Split  Spoon 

C.A. 

—  Cora  Air 

W.B. 

-  Wash  Ben 

S.T. 

—  Shalbv  Tuba 

F.B. 

—  Fingtr  Bit  • 

DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MAT6RIAL-MOISTURE-|^J  DCNSITY^'^*^'^ 

• 

TO 

6 

Ui  H  P- 
^U,u 
0  2*“ 
Ou" 
&  &  2 

NO  OF 
BLOWS 

1  0.0' 

BB 

HA 

i 

Topsoil 

n 

B1 

KA 

i 

1 

1 

Dark  brown  silty  clay,  moist,  stiff 

13.5' 

HA 

i 

Light  brown  silty  clay,  moist,  very  stiff 

®  13.5' 

22.5' 

HA 

Brovm  gray  shaly  sandstone,  slightly  moist, 
med.  to  hard 

1  22.5' 

29.0' 

HA 

Gray  shale,  slightly  moist,  med.  to  hard 

30.0' 

HA 

Gray  shale,  moist,  med.  to  soft 

1 

■  ™.0' 

35.0' 

HA 

j 

Gray  shale,  very  moist,  soft  to  very  soft 

1  35.0' 

36.5' 

STl 

Same 

nB 

o 

e 

o 

HA 

Gray  shale,  moist,  soft 

®  40.0' 

41.5' 

STl 

1.75 

B 

Gray  shale,  moist,  soft  to  med. 

in 

r-l 

Total  c 

epth 

■ _ 

m 

■ 

1 

% 

■ 

1 

MRKS:  (Casing,  Water  Lou,  Etc.) 


Water  Level  Time  Date 


1* 


20.0 


1/7/83  (Completion) 


ftsvne-U/BStem  Compantfjnc. 


C-234 


WC.LL  Cui\C5  KUCnON 


Kiev,  3oi . 


I 


devotions  taken. 


"Uit-l.  I  i\UU  I  iWII 


SOl.R 


798.5 


774.8 


MW  6-7 


ShOTt 


I 

I 

I 

c 

I 


TEST  BORING  LOG 
Proiact  Lake  City  Army  Ammunition  Plant _  Boring  No. 


of 


:itY  &  State 


Independence,  Missouri 


Surface  Elevation  798 . 5  Offset  ' 

Data  Started  1/6/83 _ Completed  1/6/B3 

Driller  R.  Kellv _ '  Rig _ CME-SS 


Abbrawationc  A.O.  —  Augw  Only  R.B.  —  Rock  Bit  C.W.  -  CareWetef 

H.A.  —  Hollow  Au^  S.S.  —  Soiit  Spoon  C.A.  -  Con  Air 

W.B.  —  Wath  Bore  S.T.  —  Shelby  Tube  F.B.  —  Finger  Bit 


*  DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-|jj'^J“JJ|j®^^'^‘^^ 

FROM 

TO 

POCKET 

penetro¬ 

meter 

NO.  OF 
BLOWS 

0.0' 

Bi 

HA 

Topsoil 

HA 

Dark  brown  siltvciav.  iroist.  verv  stiff 

ea 

n 

STl 

2.5 

m 

Same 

11.5' 

HA 

Brown  silty  clay,  moist,  stiff 

11.5* 

15.0' 

HA 

Same 

'5.0' 

16.5' 

ST2 

1.75 

B 

Yellow  brown  silty  clay,  moist,  stiff 

16.5' 

25.0* 

HA 

Same 

25.0' 

Total  <3 

epth 

■ 

■ 

0 

1 

a 

1 

1 

r 

1* 


MARKS:  (Caeinft  Water  Lon,  Etc.) 


Watae  Level 

5.0 

3.0 


Time  Date 

12;00pin  1/6/83  (Completion) 

3:30pni  1/6/83 


Companyjnc. 


C-237 


r 


I 

I 


coNi»rHu:i  u)N  i»i  w  i.ll 


•Itvations  taken. 


MV  1-1 


V 


« 


C-238 


'oiwt. 


1 

] 


xdM 


Lak«  City  AAP 


TEST  BORING  LCX5 
Boring  No. 


MW  7-1 


«nOTi 


If 


Surfaoi  Eiootion  747.5 


Offw 


Jty&Sutc _  Independence,  Missouri 

] _ 


Datt Startad  8/4/81  Compictod  8/4/81 
Driiitr  T.  Butler 


Rig 


Abbraviatioflt:  A.O.  -  Augw  Only  R.B.  -  Rock  git  C.W.  -  Corf  Waiar 

H.A.  -  Hotlow  Augir  S.S.  —  Split  Spoon  C.A.  -  Cort  Air 

W.S.  -  WnhSor*  S.T.  -  Stwiby  Tubt  F.B.  -  Fingtr  B>t 


DEPTH 


J  FROM 


TO 


O 

o 

z 

Ui 

s 


PENETRATION  RECORD 


O 

UI  H  IE 

^ujtu 

or  ^ 
0.  0.  2 


bS 

r  CD 


> 

oc 

UJ 
> 
Ui  o 

(C  U 
O  Ui 

uc 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-|]^p  OENSITY^^'^'^ 


2.5* 


WB 


Topsoil 


2.5' 


4.0' 


WB 


Dark  brown  silty  clay,  med.  to  stiff 


4.0' 


9.0* 


WB 


9.0* 


Dark  gray  k  brown  silty  clay,  med.  to 
stiff 


10.5* 


STl 


2.5 


10.5' 


15.0* 


WB 


Dark  gray  silty  clay  w/trace  sand, 
med.  to  stiff 


Dark  gray  silty  clay  w/trace  sand,  sofi 
to  medj.^  _  _ 


.0* 


17.5* 


WB 


Dark  gray  silty  clay,  soft  to  med. 


15* 


19.0' 


WB 


Dark  gray  silty  clay  w/trace  sand,  sofi 
to  med. 


-  19.0* 


20.5* 


WB 


Dark  gray  silty  clay,  med.  to  ^iff 


20.5' 


24.0* 


WB 


Gray  silty  clay,  med.  to  stiff 


24.0* 


29.0* 


WB  ! 


Same 


r  29.0* 


-T- 


31.5' 


ST2:  4.5 

I 


Same 


31.5' 


34.5* 


WB 


Gray  silty  clay,  soft  to  med. 


34.5' 


40.0* 


WB 


Gray  fine  sand 


•  40.0' 


Total 


deptq 


p  XRKS:  (Casing,  Watar  Lots,  Etc.) 

^|»ped  1-1/2  hour  -  2  GPM 


Static 

Watar  Laval 
26.6 


Tima 


Data 

9/ll/81(Coff,p|^ion) 


Companyjnc. 


C-239 


KIIN  1)1  W  1,1.1. 


•Itvations  taken 
Croai  top  of  caaing 

threaded  cap  and 

■ale  adapter 


4*  long  ateel 
protective  caaing 
with  lockable  cap 


%ireep  hole 


4  diameter.  Class 
160,  PVC  pipe- 


cement  grout 


bentonite  seal- 


l'( 


74q.s- 


E.LeV.  747. 1 


hand- slotted 
PVC  pipe" 


gravel  pack 


5*  long  Schedule  40 
.020  PVC  screen ' 


€>  • 


<>  • 


ELEV.  7ZS.I 


ELEy.  704./ 


MW  7-2. 


folmct  Lak*  City  AAP 


TEST  BOWING  LOG 
.  Borina  No. 


•orinaNo. _ ^  _ Show  1  pi  1 

Surface  Elevation  747. 1  OffMt 

DeteStanad  7/31/81  comoteted 


|ty  &  State 


Independence.  Missouri 


Driller 


J.  Von  Holt 


DEPTH 


AMir«wiMie«W:  A.O.  -  Aupn  Only  H  O.  -  fteek  Oil  C.W.  -  CaraWntr 

H.A.  -  HollewAuwr  S.S.  -  Splil  Spoon  C.A.  -  Cort  Air 

W.S.  -  MathOor*  S.T.  -  SMbv  Tuba  F.B.  -  Finpar  Bit 


SAMPLE  DESCRIPTION 


’"^RKS:  ICaaina.  Water  Lon.  Etc.) 


COLOR-MATERIAL-MOlSTOHE-^2g|JJ|J|‘^^'^‘='' 


Brown  silty  clay,  stiff 


Dark  gray  silty  clay,  stiff 


Light  gray  &  light  brown  silty  clay 


Watar\.aval  Time 

20.9 


9/11/81  (Compleiioni 


Companyjnc. 


■  % 


I 

K 


u»NS'i'Hii(:i  K»N  ur  \vi:ix 


•Icvations  taken. 


♦ 


C-242 


I 


■roi«et. 


Lake  City  AAP 


xdtl^fc  _ 

]y& State  Independence,  Missouri 

I 


TEST  BORING  LOG 
Boring  No. 


MI  7>3 


Shoot  lof  1 


Surface  Elevation  7^^ >9 


Offwt 


Date  Started  8/21/81  Completad  8/21/81 
B.  Blank 


Driller 


Rig 


AbbraMMiom;  A.O.  —  Augir  Only  R.8.  —  Keck  Bit  CW.  —  CertWaMf 

H.A.  -  Hollow  Auiat  S.S.  —  Split  Spoon  CA.  —  Core  Air 

W.B.  -  Wnh  Bore  S.T.  —  SMby  Tubt  F.B.  -  Fmgtr  Bit 


DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

CO  LOR-  MATE  R 1 AL-MOISTURE  OENSIT^Y^**^^ 

J  FROM 

■ 

TO 

POCKET 

PENETRO 

METER 

NO.  OF 
BLOWS 

lo.O’ 

mm 

WB 

Topsoil 

|1.0' 

Bl 

WB 

Dark  gray  silty  clay,  stiff 

5.0' 

m 

WB 

Sane 

10.5' 

STl 

1.75 

Sane 

n 

12.0' 

WB 

Sane 

12.0' 

15.0' 

WB 

— 

Gray  &  brown  silty  clay,  stiff 

Ilfto’ 

19.0' 

WB  i 

1 

Sane 

^ 19.0' 

20.5' 

Sane 

23.0' 

WB 

1 

Sane 

Hi 

25.0’ 

WB 

t 

Gray  silty  clay,  stiff 

|25.0' 

30.0' 

m 

— 

Sane 

30.0' 

1 

34.0' 

WB 

Same 

■34.O’ 

38.0' 

■ 

WB 

Gray  very  fine  sand,  dense 

^  38.0' 

40.0' 

WB 

_ 

Gray  silty  clay  w/trace  sand, 
k  coal,  stiff 

40.0' 

Total 

depth 

m 

} 

■  .MARKS:  (Cosing.  Wator  Lou.  Etc.) 
iHiped  2  hours,  1/2  GPM 

g 


Watar  Laval  Timo  Date 

5»6  _  _  9/ll/81(Cemoietton) 


//Ao^#o  mm 


C-243 


elevations  taken.' 
from  tc^  of  casing '' 


toNSTmurnuN  or  wixl 


\ 

» 

t 

I 


I 


I 


MW  1-4- 


Lake  City  AAP 


W - 

^ g, stttt  Independence,  Missouri 


DEPTH 


TEST  BORING  LOG 

______  BoriwQNo.  st«wt  1  of  1 

_____  Surfact  Elavtion  741.8  Offwt 

___^_  Dttt  Starttd  8/3/81  Compictad  8/3/81 
_____  Dfilltf  Pig 

Abbrawiattom;  A.O.  -  Augir  Only  R.B.  -  Rock  Bit  C.W.  -  CorcWawr 

H.A.  -  HeliewAugK  S.S.  -  Splil  Spoon  CA.  -  Cor*  Air 

W.B.  -  WMh  Bor*  S.T.  -  Shalbv  Tub*  P.B.  -  Fing*r  Bit 


SAMPLE  DESCRIPTION 


COLOR-MATEHIAL-MOISTURE-^J  DEnI'iTY^^^^ 


Topsol 1 


Dark  gray  silty  clay,  med.  to  stiff 


Same 


Ssime 


Light  gray  silty  clay,  soft  to  med. 


Same 


ght  gray  silty  clay  w/trace  sand,  sof 
to  med. 


K MARKS:  (Casing,  Watar  Lou.  Etc.) 

Static 

Watar  Uaval 

Tima 

Data 

r 

Jf^unoad  1-1/2  hour  -  6  GPU 

20.7 

®/ll/8fcomp.ation, 

wne-U/estem  Companyjti 

I  nnA 


U»NSI  KIICIKIN  IM'  WI.I.I 


elevations  taken 
froBi  top  of  casing 

threaded  cap  and 
aale  adapter 


4*  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4"  diameter,  Class 
160,  PVC  pipe' 


cement  grout , 


bentonite  seal- 


('( 


EUv.  74q  ^ 


E.LELV.  747.  S' 


hand>slotted 
PVC  pipe' 


gravel  pack 


eLEV.  727.5- 


ELEV.  707.  S' 


MW  l-ff 


>6 


Lake  City  AAP 


TEST  BORING  LOG 

Borin9  No. 


yw  7-5 


ShMt  1 


_ _ _ 

Jv & Sttte  Independence,  Missouri 


DEPTH 


Surfact  Elovation  747,5  Offwt 
______  Data  Startad  Complatad  9/3/81 

_______  Drillar__Tj__Butl^^^______  Rig 

Abbnwationt:  A.O.  -  Augtr  Only  R.B.  -  Reck  Bit  C.W.  —  Core  Water 

H.A.  -  Hollow  Auger  S.S.  -  Split  Spoon  CA.  -  Cora  Air 

W.B.  —  Waih  Bore  ST.  -  Shelby  Tube  P.B.  —  Finger  Bn 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOlSTURE-|J^p“[Jj|[®^^'^^^ 


Dark  gray  silty  clay,  med.  to  stiff 


Dark  gray  silty  clay,  soft  to  med. 


rIcvAtlons  taken 
from  top  of  casiny 

threaded  cap  and 
male  adapter 


4*  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4"  dinmoter.  Class 
160,  PVC  pipe' 


cement  grout 


bentonite  seal 


gravel  pack 


S'  long  Schedule  40 
.010  PVC  screen 


747.it 


Elev.  *7/7.  z 


MW  7-^ 


TEST  BORING  LOG 


■net  lake  City  Army  Aronunition  Plant. 


Boring  No.  MW  7-6 


Shoot  1 _ of  1 


Surface  Elevation 


OffMt 


&  State  Independence,  Missouri 


Date  Started  1/20/62  Completed  1/20/82 
Driller  T.  J.  Butler  Rig  D-2 _ 


Abbravtatiom: 


A.O. 

H.A. 

w.a. 


—  Augtr  Only  R.B.  -  Rock  Bit  C.W.  -  Cort  Water 

—  HoIIOm  Auger  S.S.  ~  Spin  Spoon  C.A.  —  Cora  Air 

—  Wath  Bora  S.T.  —  Shelby  Tuba  F.B.  —  Fmgar  B<t 


■ 

DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATEfllAL-MOlSTURE-^*p  DEnI'tY^'^*^^ 

TO 

POCKET 

PENETHO 

METER 

NO  OF 
BLOWS 

r 

0.0' 

WB 

- 1 

I 

Dark  Brown  silty  clay,  medium  to  soft 

1 

10.0' 

[  "  ■■  ' 

1  WB 

1 

1 

I 

! 

1 

j 

1 

[Dark  gray  silty  clay,  medium  stiff 

M 

_ 10.0' 

17.0' 

WB 

Same 

^17. O' 

1 

I  24.5' 

WB 

1 

1 _ 

Gray  silty  clay,  medium  soft 

|24.5' 

— 

! 

I  • 

i 

1 

1 

j Light  gray  silty  clay,  medium  soft 

1 - 

! 

31.0' 

WB 

i 

1 

1  1 

iMaroon  silty  clay,  w/trace  sand,  medium 
|to  soft 

O 

o 

W3 

I  ! 

1 

Gray  fine  to  medium  sand 

O 

o 

1  1 

1  Total  Depth 

i  i 

j  ; 

1 

1  i. 

I 

.■ - 

j 

1 

1 

1  i 

1 

1 

1 

1 


I 

J 


J 


J 


RKS:  (Coiing,  Water  Loss,  Etc.) 

«d  2  hours  9  4  GPM,  not  steadily 


Water  Level 
22* 


J 


Time  Date 

Before 

Pumping  1/25/82  (Completio 


-^ne-U/estern  Companyjnc. 


C-249 


elevations  taken, 
from  top  of  casing ' 


CUiNii  i  ltU4:i  KhN  Ui-  WLLL 


MV  S-l 


C-250 


P»oj«et, 


Lake  City  AAP 


TEST  30«iNG  LOG 

_______  Borina  Ng  MW  8-1  Shaat  1  of 

_______  Surfaca  Elwation  748 . 8  Offm 

DatoStaffd  8/18/81  Cowolatad _  8/18/81 


&Sata 


Independence,  Miaiourl 


Orillar 


B.  Blank 


Abtartwiaiiom:  A.O.  -  AugwOniy  R.a  -  Rock  Bit  C.W.  -  CaraWi 

H.A.  —  HoIIom  Augv  S.S.  —  Split  Sooon  CA.  —  Car*  Air 

W.a  -  WathBocp  &T.  -  SMbvTutaa  F.8.  -  Fiitgv  B 


PENETRATION  RECORD 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-|^J  OENSlfv*'^*^'^ 


Topsoil 


Dark  brown  silty  clay,  very  stiff 


Brown  silty  clay,  very  stiff 


Same 


Same 


Same 


Red  brown  silty  clay,  very  stiff 


Same' 


Brown  silty  clay  w/sbale  &  trace 
sandstone,  very  stiff 


Same 


Gray  silty  clay,  very  stiff 


Gray  fine  sandy  clay,  very  stiff 


Brown  silty  fine  sand,  med.  dense 


Light  brown  silty  clay,  very  stiff 


•ARKS:  (Caring  Watar  Loaa,  Et&) 

Static 

Watar  Lavri , 

Titna 

Data 

lF«P«d  1-1/2  hour  -  1-1/2  GPM 

9.9 

9/14/81, 

mr  •U/(§st0m  Company,! 


weep  hole 


cement 


grout 


4"  threaded 
flush  joint 
Schedule  40  PVC 


1' 


bentonite  seal 


4"  Schedule 


40  .010^ 
screen 


gravel  pack 


I 

ProiKt  Lake  City  A.A.P. 

■ 

replacement  well 


Independence , 


Missouri 


TEST  BORING  LOG 

______  Boring  No.  8-2  Shwt  1  of  J 

_  Suffact Elovtion  752.89  Offsw  5*  North  of  t 

MW  8-2 

_  Date  Startad  9-25-84  Completed  9-26-84 

_  Driller _ Buck  Rig _ AD -2 


Abbieviaiiont;  A.O.  -  AugtrOnly  R.B.  -  Rock  Bit  C.W.  -  Core  Watt 

H.A.  -  HoilotN  Au0ir  S.S.  -  Sptit  Spoon  C.A.  -  Cora  Air 

W.B.  -  Wash  Bora  S.T.  —  Shalby  Tuba  F.B.  —  Fmgar  Bn 


DEPTH 

PENETRATION  RECORD 

>- 

SAMPLE  DESCRIPTION 

®from 

TO 

METHOD 

POCKET 

PENETRO 

METER 

NO  OF 
BLOWS 

CORE 

RECOVEF 

COLOR-MATERIAL-MOISTURE-|j^J  OEnIItY^'^'^'^ 

■  0.0 

mm 

HA 

Brown  silty  clay,  moist,  very  stiff  ( 

1  1.0 

■■ 

HA 

Grav  shale,  drv .  hard  (FILL) 

_  4.5 

6.0 

HA 

— 

Gray-brown  silty  clay,  moist, 
very  stiff  (FILL) 

6.0 

8.5 

i - 

HA 

^ - 

Gray-brown  shale  k  clay,  moist, 
very  stiff  (FILL) 

1  8.5 

9.8 

HA 

n 

i 

i 

Gray-brown  silty  clay,  moist, 

[very  stiff  (FILL) 

^9.8 

11.0 

HA 

■1 

Dark  brown  silty  clay,  moist,  stiff 

»«7i 

15.0 

HA 

1 

Gray-brown  silty  clay,  moist,  stiff 

|l5.0 

17.0 

ST-1 

2.25 

wm 

Same 

-17.0 

18.0 

IIA 

Same 

18.0 

28.0 

HA 

1 

Dark  jtray  brown  silty  clav.  moist,  st 

■28.0 

35.0 

HA 

1 

Dark  gray  yery  silty  clay,  very  moist 

*  35.0 

37.0 

ST- 2 

0.75 

ig 

Same 

■ 

■37.0 

40.0 

HA 

in 

i 

1 

1 

Same 

§40.0 

Total 

Depth 

i 

j 

1 

■ 

■ 

■ 

1 

■ 

1ARKS:  1 

leasing.  Water  Loss.  Etc.) 

Water  level  Time  Date 

21.0*  9/26/84  ICompletic 

_ 


t^ne-Uiestern  Companyjnc. 


C-253 


■ 

I 

I 

I 

I 

1 

I 

I 

I 

1 

I 

I 

I 

I 

I 

\ 


CONSTIUICI  ION  OF  WIXL 


•Iwations  taX«n 
fron  top  of  easing 

throadad  cap  and 
aala  adapter 


4'  long  steal 
protective  casing 
with  lockable  cap 


%recp  hole 


4"  diameter.  Class 
160,  PVC  pipe 


cement  grout 


bentonite  seal 


hand- slotted 
PVC  pipe 


gravel  pack 


5’  long  Schedule  40 
.020  PVC  screen 


cap 


£Uv.  747.7<? 


74.5.a 


ELEV.  12.2..  4 


ELev.  70*7.4, 


MW  5-^ 


1 


jpet. 


Lmk*  City  AAP 


TEST  BORING  LQQ 
_  Borifif  Na 


Iff  8-2 


Sh«tt _ l«f  1 


SuHaca  Elaaation  745.8 


OffMt 


Sr  &  s..t.  Independenca.  Mlasotiri 


DataStanad  8/19/81  Comrtatad  8/19/81 


Drillar 


B.  Blank 


ftbawwitiom;  A.O.  -  Augv  On<v  H.a  —  Nock  Bit  C.VW.  —  Cor*  Wanr 

HJL  —  HoHow  Atiav  as.  —  SahtSeoM  CA.  —  Cor*  Air 

W.B.  -  WMh  Bor*  &T.  -  SMbr  Tub*  B.a  -  Pinaw  Bit 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURC-Dnj^ 


(Caaina  Wm  Le«.  Eta) 

,Pu^nd  1-1/a  hour  -  1-1/2  GPII 


sratlc 

Watar  Laral 


Campanyjne, 


fl 

« 

fl 

« 


CONSri  KIICI  ION  OK  WIXL 


•Icvations  taken. 


TEST  BORING  LOG 

City  AAP _  gantMiWa  MW  8-3 _ Sh-t  1  of 

Suffiet  Elwfition  750.1  OWwt 
Oat*  Sttnad  8/20/81  CompJatad  8/20/81 

wiiv  ft  Sttta  Indepcndftnce,  Missouri  DfHur  8«  Blaak _  Rig _ 

AMvaoiatioiw:  A.O.  -  Atigw  Only  N.I.  —  Ploek  lit  C.<W.  -  Car*  M 

H.A.  -  Hollow  Awgw  &S.  -  Split  Spoon  CA.  -  Cor*  A 

W.B.  -  MmABot*  S.T.  -  SMbyTub*  F.l.  -  Finpir 


DEPTH 


9.0' 


10.5' 


15.0' 


19.0' 


20.5* 


22.5* 


25.0* 


30.0'  WB 


33.5’ 


35.0' 


40.0'  IB 


WB 


WB 


WB 


WB 


STl  1.25 


•ftWKS:  JCaiini,  watar  Lo«.  Etc.) 
“"•d  2  hour*  -  1  GPU 


Cpmpanyjnc. 


SAMPLE  DESCRIPTION 


COLOR-MAT8mAL-MOISTURE-|jj*2 


Topsoil 


Dark  brown  silty  clay,  very  stiff 


Same 


Brown  &  gray  silty  clay,  stiff 


Same 


Same 


Same 


Brown  ft  gray  silty  clay  w/trace  sba 
stiff 


Maroon  ft  olive  ft  gray  sbale  w/trace 
fine  sand,  very  stiff 


Gray  silty  fine  sand,  dense 


Gray  silty  clay,  very  stiff 


Gra^^silty  clay  w/trace  lignite 


,  ver 


Watar  Laval 

5.9 


Data 

9  /  14/8fcemplat 


COiVbTKilCnON  OF  \V^:LL 

•lavations  takan. 


MV  a-4 

C-2S8 


Lalf  City  AAP 

% - 


TEST  BORING  LOG 
_  Borins  Na  ^ 


Surfoco  Eloration  ^  OfhM 


dVlOTI 


^  Independence,  Mieeourl 

wity  •  Stan _ 


Dan  Snmd  8/18/81  Compiand  8/18/81 
T.  Butler 


Drillar 


Rig 


AhbWniMiow:  A.O.  -  Augw  Only  R.B.  —  Reek  Bit  CW.  —  Cor*  W 

-  -Hollow  Aufir  S.S.  —  Split  Spoon  C.A:  -  Cor*Ai 

IW.B.  -  WaHiBOf*  S.T.  -  SMbrTub*  F.S.  -  Fing*r  l 


DEPTH 

PENETRATION  RECORD 

> 

SAMPLE  DESCRIPTION 

’  FROM 

■ 

TO 

METHOD 

POCKET 

PENETRO¬ 

METER 

NO.  OP 
BLOWS 

CORE 

RECOVEF 

color-material-moisture-D;;^2  oenUtv***^^ 

,  0.0’ 

3.5’ 

WB 

Light  brown  silty  clay,  oed.  to  sti; 

^3.5' 

6.0* 

WB 

i 

Light  gray  silty  clay  w/trace  sand, 
to  med. 

^6.0' 

8.5' 

WB 

1 

1 

1 

Dark  brown  silty  clay  w/trace  ssuQd, 
to  med. 

^8.5* 

9.5’ 

WB 

1 

1 

Green  gray  weathered  shale,  med.  to 

ifs.s' 

11.0' 

SSI 

1 

Layered  maroon  &  gray  shaly  clay,  ms 
stiff 

13.5'  i 

WB 

i 

Same 

i 

14.0' 

WB 

i 

Light  gray  weathered  shale,  soft  to 

16.0' 

wb' 

UarooD  and  light  gray  shaly  clay,  so 
to  mnd. 

^16.0' 

19.5’ 

WB 

Green  gray  weathered  shale,  med.  to 
hard 

^19.5' 

40.0' 

WB 

Light  gray  shale,  hard 

1^40.0' 

Total 

■ _ 

iV 

1 - 

f 

1 - 

I 

i 

• 

[in 

B 

I^JARKS;  (Cartng.  Watar  Lon.  Etc) 

Timt  Dan 

■1/2  hour  -  1/2  GPU 


•(l/9St9m  Companyjnc, 


11.5 


®/l^/81(Complatioi 


C-259 


•Icvations  token, 
from  top  of  cosing ' 

threoded  cap  and 
Bale  adapter" 


4'  long  steel 
protective  casing 
with  lockable  cap  > 


weep  hole^ 


4"  diameter.  Class 
160,  PVC  pipe 


cement  grout 


bentonite  seal^ 


hand-slotted 
PVC  pipe' 


gravel  pack 


Lak«  City  AAP 


TEST  BORING  LOG 

_  Boring  Na 


UW  8-5 


Shan 


of 


% 


Surfact  EiMKion 


782.8 


OffMt 


DittSwrud  S/1/81  Comaiwd _ 9/2/81 


Mity  &  StaM 


ladependence ,  Mlaaouri 


Drillar 


T.  Dutlar 


Rig 


AMraMMient:  A.O.  -  Augw  Only  R.g.  -  Neck  git  CW.  -  CercWa 

H.A.  -  HeliowAugMr  S.S.  -  SetiiSeeon  CA.  -  Car«A» 

W.B.  -  WhABoi*  S.T.  -  SMOyTubc  F.B.  -  Firtfv  B 


warn  DEPTH 

PENETRATION  RECORD 

> 

SAMPLE  DESCRIPTION 

color-material-moisture-Dj*J  KnIIty^'^*^ 

♦  FROM 

■ 

TO 

o 

o 

z 

K 

lU 

s 

POCKET 

penetro¬ 

meter 

NO.  OF 
BLOWS 

CORE 

RECOVER 

"*0.0* 

_ a _ 

IB 

WB 

Light  browQ  ailty  clay,  med.  to  stii 

USI 

IB 

WB 

Brown  silty  clay,  med  to  stiff 

_6.0' 

IB 

WB 

Gray  silty  clay,  med.  to  stiff 

^9.5' 

11.0* 

SSI 

Gray  sandy  clay,  med.  to  stiff 

^11.0' 

14.0* 

WB 

B 

Same 

—  14.0’ 

16.0’ 

WB 

B 

1 

Light  tan  silty  clay,  soft  to  med. 

^  1.0* 

24.0' 

WB 

Dark  gray  sandy  shale,  med.  to  hard 

i|24.0' 

27.0’ 

WB 

Light  gray  shale,  soft  to  med. 

^27.0' 

29.5' 

! 

WB 

1 

1 

1 

Gray  shale,  med.  to  bard 

34.0' 

WB 

UarooD  shale,  soft  to  med. 

^34.0’ 

36.5' 

WB 

Light  gray  shale,  soft  to  med. 

rm 

40.0' 

WB 

Gray  shale,  med.  to  hard 

“"40.0’ 

Total  c 

epth 

1 

Z _ 

PAARKS:  (Casing,  Watar  Loss,  Etc.) 
’*^P*d  2  houra  -  1/2  GPM 


Companyjnc. 


Watar  Laval 
15.9 


Tima  Data 

!^l(Comp.atio 


C-261 


C-262 


Abbrtvuiionc  A.O. 

-  Augw  Only 

R.S. 

—  Rock  8it 

c.w. 

-  Cor*  VM» 

M.A. 

-  Moiiom  Augtr 

S.S. 

-  SM'T  Sooon 

C.A. 

-  Core  Air 

W.8. 

—  Main  Son 

S.T. 

—  Shdbv  TuOt 

F  8. 

-  Finger  B 

PENETRATION  RECOROl  > 

METHOD 

o 

s 

X  ^  2 

NO  OF 
IJLOMS 

CORE 

RECOVEF 

SAMPLE  DESCRIPTION 


COLOR -MATE  RIAL-MOISTURE- 


CLAY  CONSISTENCY 
SAND  DENSITY 


« 


SMipl*  of  S«nd  •  34'  -  40' 


Punpod  for  2.S  hours  •  6  GPN 


1  /?R/H?  (CompIttion 


w 

■ 


Kumois  or  w  u.l 

elevations  taken. 


742.  »0 


740./ 


70/./ 


C-265 


titY  &  Sum  Independence.  Missouri 


DEPTH 


TEST  BORING  LOG  . 

Boring  No.  m  9-2  Show  i  of 

Suffgct  Elgyatioo  740.10  Qffwt 
Data  Startad  12/9/81  Completad  12/9/ai 
_  Ofillaf  T.  J.  Butler _  Rig  d-2 _ 


Abbramatiorn:  A.O.  -  Augv  Only  R.B.  -  Rock  Bit  C.W.  -  Cort  Wa 

H.A.  -  Hollow  Au^  S.S.  -  Solit  Sooon  C.A.  -  Cort  Air 

W.B.  -  Waal)  Bon  &T.  -  SMby  Tuba  F  B.  -  F.ngw  B 


20.0* 

WB 

32.5* 

WB 

40.0* 

WB 

SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTUR6-|^Q||JJ|',f^^'^‘^'^ 


medium  to  soft 


Gray  silty  clay,  medium  to  soft 


Gray  silty  clay,  medium  to  stiff 


Jray  silty  clay,  trace/sand  &  weathered  sha 
edium  to  soft 


1 

1.5'  bray  silty  clay,  trace/sand,  stiff 


medium  to  soft 


medium  to  stiff 


ilty  fine  to  medium  fine  sand 


^MARKS:  (Caring  Water  Lorn,  Etc.! 

aamplm  of  sand  32.5*  -  40.0* 
■-  for  1  hour  fS  gph 


Companyjnc. 

•  'ircnA 


Water  Lavei  Time 


Date 

1^29/82  ICompl. 


TEST  BORING  LOG 


oji  Lake  City  Army  Ammunition  Plant 


Boring  No.  MW  9-3 


■ddress 


Surface  Elevation  739.43  Offset 


Abbrcviationt;  A.O. 

H.A. 

W.B. 


DEPTH 


penetration  record 


Augtr  Only  R.B.  -  Rock  Bit 
Hollow  Augir  S.S.  —  Solit  Sooon 
Math  Bora  &T.  -  Shaiby  Tuba 


SAMPLE  OESCRiPTION 


-  Cora  VViter 

-  Cora  Aif  • 

-  Fingar  Bit 


COLOR-MATERIAL-MOlSTURE-^j;^^  OEnIItY^^^'' 


ARKS;  (Caring  Water  Lea,  f  tc.) 

Mmg  Smplm  of  sand  S  33*  >  4Q» 
for  3  hours  •  6  CPM 


Water  Level 


1728782 iComplr 


a>N5I  HUCTION  OK  WKI.L 


elevations  taken. 


I 


lOi.l 


C-269 


P  let  Lake  City  Anav  Anmnition  Plant 


■ 

P  xl 

5* 

St 


TEST  BORING  LOO 


Borififl  Na  MW 


Surfact  Elavation 


Shaat  1 _ of 


743.03 


State  Independence,  Missouri 


_  Drillef  J,  Von  HQlt _  Rig  _ 

Ab&rtvtatiem:  A.O.  -  Augw  Only  R.B.  —  Rock  B>t 

H.A.  —  Hollow  Au^  S.S.  —  Spill  Spoon 

W.B.  -  Wash  Bore  S.T.  -  SMbv  Tube 


C.W.  -  Core  W; 
C.A.  -  Core  A» 
F.B.  —  Fiogar  t 


DEPTH 


PENETRATION  RECORD 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-g^*Q 


CONSISTENCY  , 
DENSITY 


iEIAUKS:  Vitim  Lew.  Ete.) 


Watar  Laval 


••Mle  of  t36t  .  40^ 


uzazsL  <««"*>• 


<Pwp«d  for  2.S  hours  •  6  GPM 


C-270 


TEST  BORING  LOG 


Proitt  L«kt  Citi/ 


Anmunition  Plant 


Boring  Na  MW  10-1  Shoot  1  of  _ 

Surfact Elw»ation  flS4.70 _  Offiot  10*  E.  of  10 

Ooto  Stiftod  1/8/82 _ Compittod  1/8/82 _ 


W  &  suto  Independence,  Missouri 


DEPTH 


Drillof__ 

T.  Butler 

Rig 

D-2 

A.O.  - 

Au^  Only 

n.B. 

—  Rock  Bit 

c.w. 

-  Core  Wet 

H.A.  - 

Hollow  Augtr 

S.S. 

-  Spill  Spoon 

C.A. 

-  Core  Air 

W.B.  - 

WHh  Bora 

ST. 

—  SIwibv  Tube 

F.B. 

—  Pmger  8i 

Dark  brown  silty  clay,  slightly  moist,  soft 


to  med. 


Same 


15.0’  16.5' 


r 

17.0'  WB 


18.0'  WB 


18.0'  Refusal 


TEST  BORING  LOG 

oitet  Lake  City  Anay  Amnunition  Plant  Boring  No.  10-1 

Surfact  Elavation 

jdre^^  Data  Startad  1/4/82 

ty  &  Stata  Independence ,  Missouri _  Drillar  T.  Butler 


■  Sheet  1  of  1 

_  Offiet _ • 

Cocnpletet  1/4/82 
_  Rig  D-2 _ 


Abbrtviations;  A.O.  —  Augir  Only  R.B.  —  Rock  Bit  "  C.W.  -  Corf  Watfr 

H.A.  -  Hollow  Aupr  S.S.  -  Smu  Spoon  C.A.  -  Cora  Air 

W.fl.  Wash  Bora  ST.  —  Shalbv  Tuba  F.8.  —  Fingtr  Bit 


PENETRATION  RECORD 

Q 

o 

1 

O 

_ 

CL  J 

X 

u,  ^  z 

V  UJ  UJ 

O  S  1 

UJ 

s 

0.  a.  2 

•o3  1 

2  9 

. 5 ’  I  AO 

I 


10.0' 


14.0’ 


20.0*  AO 


I  I 

20.0'  1  22.0'  I  AO 


E  tlKS:  (Catinft  Water  Loai,  Etc.) 


j  Dark  brown  silty  clay,  slightly  moist,  tried,  t 


j  Dark  brown  silty  clay,  slightly  moist,  soft  t 
!  med. 


Water  Leral  Time  Date 


^on0-(fhxt»m  Cnmoanu.fnc. 


fl . 

■ 

I 

I 


i.t 1  m  r  I  i 1  <n  i* 


elevations  taken 
from  top  of  casing 

threaded  cap  and 
inale  adapter 


4  *  long  steel 
protective  casing 
with  lockable  cap 


weep  hole 


4  diar.Gter,  Class 
160,  PVC  pipe- 


cement  grout, 


bentonite  seal- 


gravel  pack 


5'  long  Schedule  40 
•010  PVC  screen' 


■ 


•  (? 
o'  ^ 


Elev.S54.9 


Elev.  85^.^l 


t?  > 


Elev.  6ZO.QI 


MW  /O-Z 


I  TEST  BORING  LOG 

Proiaet  IiaXe  City  Amy  Aaanunition  Plant  Borina  Na  10-2  _ _  Shoot 

I  Surfoco  Etovotioo  Qfhot 

.  Oatt  Startod  1/4/82  Compitted  l/^/82 

utv& State  Independence.  Missouri _  _  IHi-  D-2 


DEPTH 


Shoot  ^  of 


Rio 

D-2 

R.B. 

-  Rock  Bit 

C.W. 

-  CortMir 

S.& 

-  Sctit  Sooon 

C.A. 

-  Cor*  Air 

ST. 

—  Shaibv  Tubf 

F.B. 

—  Fiogtr  Bi 

32.0’  40.0'  AO 


|EMARKS:  (Caiin^  Wator  Loaa,  Etc) 


sample  description 


COLOP-MATERIAL-MOISTURE-i^X 

SAND  OENSITt 


Dark  brown  silty  clay,  slightly  moist,  med. 
to  soft 


Light  brown  shaly  clay,  slightly  moist, 
med .  to  hard 


Same 


Same 


Gray  shale,  dry,  med.  to  hard 


Water  Levol  Time  Data 

Dry  12;1S  p«  1/4/82 


PM*  Cf^rrtnt^nujnc. 


TEST  BORING  LOG 


Pro  wet  Lake  City  Army  Amnunition  Plant 

»  _ 


Boring  No.  MW  10-2  _  Shoot  lof  _ 

Suffaco  Elovotioo  652.91  Of  foot  5’  E.  of  10- 

Dote  Stortod  1/9/82  Complotod  i/9/82 


tv  8t  State  Independence,  Missouri 


DEPTH 


Orillor_ 

T.  Butler 

Ria 

D-2 

A.O.  - 

Augtr  Only 

R.B. 

-  Rock  Bit 

C.W. 

-  CorcWi 

H.A.  - 

Hollow  Augw 

S.S. 

—  Split  Spoon 

C.A. 

-  Cort  Ai 

W.B.  - 

Wnh  Bora 

ST. 

—  Shdbv  Tubf 

F.B. 

—  Finger  E 

SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURE-|^p  OENs'lTV^^*'^ 


Dark  brown  silty  clay,  Sxigntly  moist. 


‘Uhstem  Companyjnc. 


Data 

2/l^/a2  (CompIO' 


TEST  BORING  LOG 


I 

ProMct  liAlce  City  Army  Ammunition  Plant 

I  _ _ 

- 

Cny  &  State  Independence,  Mxssouri 


BefinoNft  MW  10-3  1 

Surface  Eleeation  835.49  Ofhat 
Date  Started  1/4/82  Completed  1/4/82 
Driller  T.  Butler _  Rig  D-2 _ 


AbtoreviatiOfic  A.O.  -  Augw  Only  R.B.  -  Roek  Bit  C.W.  -  Cor*  Wan 

H.A.  -  Hollow  Au^r  S.S.  -  Solit  Sooon  C.A.  -  Cora  Air 

W.B.  -  Wnh  Bor*  S.T.  -  Shalbv  Tub*  f  .8.  -  Fmgar  Bit 


DEPTH 

i  PENETRATION  RECORD 

1 — 
J  > 

SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-|^q  oInsIty^*^*''^ 

4 

^  FROM 

1 _ 

TO 

METHOD 

O 

ui  h- 

ir  iu  w 
02  *“ 

1  Cvui" 
a.  a.  2 

i  =3 

!  2  a 

CORE 

RECOVER 

O 

o 

i  5.0'  I  AO  i  :  1 

j  Dark  brown  silty  clay,  slightly  moist, 
j  med.  to  soft 

5.0' 

1  7.0’  j  AO 

!  :  j 

Same 

'7.0' 

12.0'  j  AO  j  1 

Dark  gray  silty  clay,  slightly  moist,  soft 
to  med. 

12.0' 

15.0’  j  AO 

t  1 

1 

1 

1  Dark  brown  silty  day,  slightly  moist,  med. 
to  soft 

1  15.0’ 

1  21.0'  1  AO 

L-  i 

1 

1 

1 

i 

1 

1 

L _ 

Same 

21.0' 

25.0’ 

AO 

i  i  ■ 

1  1 

Light  brown  shaly  clay,  slightly  moist,  mec 
to  hard 

|25.0' 

30.0' 

AO 

1  Same 

1 

30.0' 

35.0' 

AO 

Same 

35.0* 

40.0’ 

AO 

Same 

40.0' 

Total  d 

SSI 

! 

! 

1 

1 

1 

J 

* 

1 _ 

<Ce»ini  Water  Loe^  Etc.) 

.  auger  hole  as  pilot  hols  for  well. 

L  ^  1/7/82  WB  hols  for  monitoring  well  wltl 


Water  LmI  Time  Date 

Dry _  3;00  pm  1/4/82  (Comp 


y^tak^  City  Army  Ammunition  Plant 


TEST  BORING  LOG 
BorinflNo. 


MH  10-4 


Shwt  ^  of  1 


Surfac*  Elwntion  842.12  Ofhn 
0«tt  Starwd  ^/82  ComolBtad  1/4/82 
Drilltf  T.  Butler _  Pig  D-2 _ 

Abfirwiationt:  A.O.  -  Aug*  Only  R.B.  -  Rock  Bit  C.W.  -  Core  Water 

H.A.  -  Hotlow  Auger  S.S.  -  So<it  Sooon  C.a.  -  Core  A.r 

W.B.  -  West)  Bore  ST.  -  Shefbv  Tube  F  B.  -  Finger  8- 1 


DEPTH 


METHOD 

penetration  record 

> 

6 

^  - 
Ui  % 

^  Uj 

5fi 
&  a.  s 

o2 

z  a 

CORE 

RECOVER 

10.0' 


15.0' 


SAMPLE  DESCRIPTION 


color-materiau-moisture-^'-^I  consistency 

SANO  DENSITY 


;  Dark  brown  silty  clay,  slightly  inoist, 
!  med.  to  soft 


Dark  brown  silty  clay,  moist,  soft  to  med. 


■  TEST  BORING  LOG 

Lak*  City  Arwy  AwBunition  Plant _  Borins  Nt 


|y  ft  Sff  Indepondenco  >  Missouri 


DEPTH 


Borin*  No.  ^-0-5 _ Shoot  1  of  _ 

Surfoco  Elovotioo  829.4  Offwt 

Doto  Stortod  1/5/83  Complotod  1/6/63 

DfiHof  B.  Blank  Ri*  AD-2 _ 

A.O.  -  Augm  Only  R.B.  -  Rock  Bit  C.W.  -  Core  Wc» 

M.A.  -  HoIIom  Auger  S.S.  -  Split  Sooon  C.A.  -  Cere  Air 

W.B.  -  WmH  Bote  S.T.  -  SMbv  Tube  F.B.  -  Finger  Bn 


SAMPLE  DESCRIPTION 

COLOn-MATEHIAL-MOISTURE-|jj*JgOJJ|j®TENCY 


Brovm  sandy  clay  (fill)  moist,  very  stiff 


Brown  silty  clay,  moist,  very  stiff 


Brown  silty  clay  w/trace  sand,  moist,  very  : 


Same 


Dark  gray  shale,  dry,  med.  to  hard 


WELL  CONSTRUCTION 


rrJevations  taken . 


TEST  BORING  LOG 

liAke-  City  Amy  Asiminition  Plant  Bftrina  Me 


_  Boring  No.  **  _  Shoot  J; _ of  ^ 

_______  Surfoco  E>o»otion  853.7  Offwt 

_______  Dato  Startod  i/S/83  Completed  1/5/83 

Drillef  Blank  Pig  AD-2 

Abbreviationt:  A.O.  -  Auger  Only  R.B.  —  Rock  Bit  C.W.  -  Core  Weter 

H.A.  -  Hollow  Auger  S.S.  -  Soi't  Spoon  C.A.  -  Core  Air 

W.B.  -  Wash  Bora  &T.  -  Shalbv  Tube  F.B.  -  Finger  Bn 


Kv&s 


v&  State  Independence,  Missouri 


DEPTH 


SAMPLE  DESCRIPTION 


COLOR-MATERIAL-MOISTURe-|jj^J 


Topsoil 


Brown  silty  clay,  moist,  very  stiff 


med.  to 

Olive  brown  weathered  shale,  slightly  moist. 


Brown  weathered  shale,  slightly  moist, 
med.  to  hard 


Brown  s  gray  weathered  shale,  slightly  moist 
med.  to  hard 


Brown  broken  weathered  sandstone,  slightly  me 
med.  to  hard 


TEST  BORING  LOG 

^oiiet  Laka  City  Arwv  Ammunition  Plant  Borina  No.  mm  n 

_ Surfaca  Elavation _ 7* 


Shoot  1 _ of 


Offaot 


Data  Startod  12/14/81  Completod  12/14/Bl 


tv  &  Sttto  Independence ,  Missouri 


DEPTH 


Drillof  T.  J.  Butler 


D-2 


Abbraviatiom;  A.O.  -  Auflw  Only  n.B.  -  Rock  8il  C.W.  -  CortVVawr 

H.A.  -  Hollow  Augn  S.S.  -  Sol<t  Sooon  C.A.  -  Cora  Air 

W.B.  -  Wmh  Boro  S.T.  -  SMbv  Tuba  F  B.  -  Fmgtr  Bn 


EMABkS:  (Caring,  Wator  Lom,  Etc.) 


Watar  Loyal  Tima  Data 

9.7  1/28/82  (Complation) 


Companyjnc. 


TEST  BORINQ  LOG 

:t  Lak«  City  Army  Amnunition  Plant  Boring  No.  11-1 

—  Surfact  Elavation 

Data  Startad  12/9/81 

&  State  Independence,  Missouri _  Dniler  T.  J.  Butler 


■  ■  Sheet  1  of 

_  Offtat  _ _ 

Completed  12/9/81 
_  R'Q  D-2 


Abbmnatiom:  A.O.  -  Auger  Only  A.B.  -  Rock  Bit  C.W.  -  CoreWenr 

H.A.  -  Hollow  Augw  S.S.  -  SolitSooan  C.A.  -  Cor*  Air 

W.B.  -  W*«n  Bor*  S.T.  -  SMbv  Tub*  F.B.  -  Fmgw  Bit 


Prowct  Lake  City  Arny  Ammunition  Plant 


.Address  __________________________ 

Lity  &  State  Independence,  Missouri 


DEPTH 


TEST  BORING  LOG 

Boring  No.  MW  11-2  Sheet  1  of  i 

_________  Surface  Elevation  789.64 _  Offset  10*  w  of  li-2 

_  Date  Started  12/15/81  Completed  I2/IS/B! _ 

_  Driller  T.  J.  Butler  Rig  D-2 _ 

Abbrewiationt:  A.O.  -  Augtr  Only  P  B.  -  Pock  Bit  C.W.  -  Cor*  Wat*. 

H.A.  —  Hollow  Augir  S.S.  —  Split  Spoon  C.A.  -  Cor*  Air 

W.B.  —  Wash  8or«  ST.  -  Shalby  Tub*  F.8.  -  Pmgar  8>t 


1/28/82  (Comple 


I  TEST  BORING  LOG 

r<fev  Army  ^munition  Plant  BorinflNg  11-2 


Surfact  ElMstion 


I* 


St«»  Independence,  Missouri 


DEPTH 


PENETRATION  RECORD 

> 

METHOD 

POCKET 

PENETRO 

METER 

NO  OF 
BLOWS 

CORE 

RECOVER 

Abbftvutiom:  A.O.  -  Augw  Only  R.B.  -  Rock  Bit  C.W.  -  Cof»  Wate; 

H.A.  -  Hollow  Aujw  SS.  -  Split  Spoon  C.A.  -  Coft  Air 

W.8.  -  Waih  Bora  S.T.  -  Shtibv  Tuba  F.B.  -  Fmgtr  Bi: 


SAMPLE  DESCRIPTION 

color-material-moisture-^^J  oenI'ity^'^'^'^ 


Ek  KS:  (Caiing^  Watar  Loa,  Etc.) 


Dark  brown  siltv  clay,  moist,  m 


Brown  siltv  clav,  moist,  medium  to  soft 


Light  brown  silty  clay,  moist,  soft  to  medium 


hard  _ 


Watar  Lmal 


(Complttion) 


C-290 


i 


C-291 


H  TEST  BORING  LOG 

P  ct  tAke  City  Annv  Ammunition  Plant  Boring  No.  ****  11-3 


of  1 


■1 

n 

■ 

p  — 

'Mrcw 

. 

Data  Started  1/13/82  Completed  1/14/82 

tv  &  Stata 

Independence , 

Missouri 

Driller  T.  Butler  Ri,  D-2 

Abt)r»>iationt: 

A.O.  —  Au^  Only  R.B.  —  Rock  Bit  C.W.  -  Core  Wg 

H.A.  -  Hollow  Augw  S.S.  —  Split  Spoon  C.A.  -  Cor.  Air 

W.B.  -  Wnn  Bor*  ST.  -  Shalby  Tub*  P.B.  -  Ping*r  J 

■ 

DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATERIAL-MOISTURE-|^P  OENSITY^'^^'^  * 

FROM 

TO 

POCKET 

PENETHO 

MEIER 

•o2 

Z  as 

0.0' 

0.5' 

WB 

i  ! 

1  1  Topsoil 

HP 

Di 

WB 

j  [  1  Dark,  brown  silty  clay,  med.  to  soft 

5.0’ 

10.0’ 

WB 

. 

Same 

10.0' 

15.0’ 

WB 

Same 

15.0' 

17.5' 

WB 

Same 

20.0’ 

WB 

Light  brown  silty  clay,  soft  to  med. 

20.0' 

25.0' 

WB 

Same 

25.0' 

26.5' 

WB 

Same 

27.5’ 

WB 

Brown  shaly  clay,  med.  to  stiff 

WB 

Gray  shale,  stiff  to  med. 

L 

35.0' 

36.5' 

WB 

Gray  shale,  very  stiff  to  hard 

A 

m 

40.0' 

... 

WB 

Light  gray  shale,  hard  to  very  stiff 

L  - 

40.0* 

HOOP 

epth 

L 

r 

.a 

EMAflKS;  (Caina  Wator  Lo«,  Etc.) 


WaurLtvol 


Tima 


Oaa 


C-292 


10.6 


1/28/82  (Compft 


Prowct  Lalc«  City 


TEST  BORING  LOG 

Amnunition  Plant  Boring  Na  11~3 

Surfaet  Elwation _ 


Shoot  I 


Data  Startod  12/9/81 _ Complotod  12/9/81 


Drillor 


Abbrovtationt:  A.O.  —  Augtr  Only  W.B.  -  Rock  B)t  C.W.  —  Core 

H.A.  —  Hollow  Au^  S.S.  —  Split  Spoon  C.A.  —  Core 

W.B.  -  Math  Bora  &T.  -  Shalbv  Tuba  F.B.  -  Fin9 


FROM 

TO 

0.0' 

8. 

[ 

8.0 

■ 

9. 

PENETRATION  RECORD 


> 

cc 

Ui 
> 
UJO 
oc  o 

Ois  I 

u  cc 


9,0'  13.0 


SAMPLE  DESCRIPTION 


color-material-moisture-|^J  denIIty^^^ 


Light  tan  shaley  clay,  slightly  moist,  tm 
to  stiff 


Brown  shaley  clay,  slightly  moist,  soft 


Light  tan  shaley  clay,  slightly  moist,  m- 
to  stiff 


Light  tan  shaley  clay,  slightly  moist,  s 
to  mediom 


Light  tan  shaley  clay,  slightly  moist,  m 
to  stiff 


Red  brown  shaley  clay,  slightly  moist,  m 
to  soft 


Light  tan  shaley  clay,  slightly  moist,  m 
to  soft 


iMARKS:  (Coaingt  Wator  Loa,  Ete.> 

I 

abandoned  >«  no  water  oresent 


Water  LavM  Tima  Data 

Dry  12;00pm  12/9/81  (Cor 


C-293 


elevation*  taken, 
fron  top  of  casing ' 


i.OINM  I{IU:TJ01S  UK  W  I.I.I 


Elev.-7q4.to 


Elev.  iqz,(o 


’roiwt 


TEST  BORING  LOG 

l-’tY  Army  Anmunition  Plant  Boring  No. 

_  Suffact  Etovotion  792 . 60 


_____  Shoot  1  of  1 
S'  ¥  of  11-4 


!• - — 

itv&Suto  Independence,  Missouri 


Goto  Stortod  1/12/82  Complotod  1/12/82 


Orillar^ 

T-  But.i.er 

Ria 

D-2 

A.O.  - 

Auger  Only 

B.B. 

-  Boek  Bit 

C-W. 

-  CoreWete 

H.A.  - 

Ho*iow  Auan 

S.S. 

—  Spilt  Seoon 

C.A. 

—  Core  Air 

W.B.  - 

MMh  Bore 

S.T. 

-  Shelbv  Tube 

F  B. 

-  Fmgw  Bit 

DEPTH 


13.0'  WB 


13.0'  15.0'  WB 


20.0' 

WB 

23.0' 

WB 

24.0' 

WB 

^Ann-.  (Cooinf^  Woior  Lea.  Ete.) 


•Uhsi^m  Companyjnc. 


I  Topsoil 


Darlt  brown  silty  clay,  med.  to  soft 


Same 


Same 


j  Light  brown  silty  clay,  soft  to  med. 

> 


Same 


Same 


Gray  shale,  stiff  to  med. 


Water  Lovol 
2 


Data 

1/28/82  (Compli 


TEST  BORING  LOG 


^itct  City  Arav  Amunition  Plant 


4 


ty  &  Sftt  Inder>*fxlenc« ,  Missouri 


Boring  Na  11-4 


Surfact  Elwration 

Oatt  Startad  12/9/81 

Orillar  T.  J.  Butler 


AOOramationt; 


A.O.  -  Au^  Only 
H.A.  -  Hotlow*  AugK 
W.B.  -  Wha  Bora 


Shaat  1  of 


Offwt 


Complatad  12/9/81 


Rig 


D-2 


H.B.  —  Bock  Bii 
S.S.  -  Solit  Sooon 
S.T.  —  Shalbv  Tuba 


C.W.  -  Cora  Wa 
C.A.  —  Cora  Air 
F  B.  -  Fin9ir  9 


DEPTH 


!  PENETRATION  RBCORO 


SAMPLE  DESCRIPTION 


Abbrawiationt-  A.O. 

-  Augir  Only 

RB. 

-  Bock  Bit 

H.A. 

-  Hollow  Au0K 

S.S. 

-  Solil  Sooon 

MB. 

-  Wnn  Bora 

S.T. 

-  SMby  TutM 

SAMPLE  DESCRIPTION 


COLOP-MATERIAL-MOISTUPE 


CLAY  CONSISTENCY 
'SAND  DENSITY 


5.5'  10. O’ 


14.0’ 

WB 

20.0' 

1  WB 

Companyjnc. 


■Dark  brown  silty  clay,  medium  to  soft 


I 

bark  qra 


Same _ 


Light  brown  silty  cl a 


WaMrL«v«l 


(Completio 


1830P.M.  2/1S/82 


4"  diameter.  Class 
160,  pvc  pipe 

cement  grout 


bentonite  seal> 


gravel  pack 

>s 


10  long  Schedule  4o 
•010  PVC  screen'^ 


I  TEST  BORING  LOG 

n>i«t  Lak«  City  Army  Ammunition  Plant -  Borinfl  No. - 


Shoot  1  of _ 2 


Surface  Elevation 


751.0  Offset 


Ptv  &  St 


&  Sute  indooendence .  Missouri 


Date  Started  9  /?  /n?  Completed 
Driller _ T.  Butler _  Rig  D-1 


I 


Abbreviation*:  A.O.  -  Augw  Only  R.B.  -  Rock  Bit  C.W.  -  Core  Wstti 

H.A.  -  Hollow  Auger  S.S.  -  Split  Spoon  C.A.  -  Cor*  Air 

W.B.  -  Mash  Bore  &T.  -  Shelby  Tube  F.B.  -  Finger  Bit 


DEPTH 

METHOD 

PENETRATION  RECORD 

CORE 

RECOVERY 

SAMPLE  DESCRIPTION 

COLOR-MATEHIAL-MOISTURE-I^^  OENSITY^'^''^ 

®  FROM 
« 

1* 

TO 

POCKET 

PENETRO 

METER 

no'  of 
BLOMS 

1 

0.0 

■ 

1  i 

:  ! 

■ 

Tod  soil 

1  1.0 

7.5 

WB 

1 

1 

Dark  brown  siltv  clav.  medium  to  stiff 

■  7.5 

12.5 

WB 

i 

! 

Brown  siltv  clay,  medium  to  soft 

r 

12.5 

15.0 

WB 

^  ' 

- r— - - - 

iGray  clay  w/trace  very  fine  sand,  &  weatherec 
shale 

_ 

ocs  n 

Ml 

1 

Shale,  medium  to  soft 

b  20.0 

27.0 

WB 

Same 

iJI 

tn  n 

IH 

Grav  siltv  riav.  medium  to  stiff 

1  30.0 

35.0 

WB 

■1 

Same 

■RMi 

mm 

Same 

Pm 

mm 

n 

50.0 

WB 

Gray  fine  sand,  trace  mediiom  sand 

M 

Same 

SSi 

IHBi 

WB 

11 

^HBI 

WB 

Gray  fine  sand,  trace  medium  sand 

I'M:  (Certufc  Water  Low.  Etc.) 


Water  Laval 


Time 


Data 


(Complotiot 


ComoanuJnc, 


C-301 


/ 


CompantiJnc< 


C-303 


DEPTH 


PROM 


TEST  BORING  LOG 

Boring  Na 

____  Suftoo  Eitvition  n 
_____  Oati  Started  2/16/82 
_  Dritlar  T.  Butler 


Shon^ 

: _  Offiet _ 

Complatad  2/17 
_  Rig  D-1 


Abbrawation*:  A.O. 

H.A. 

W.B. 


PENETBATION  RECOBO 


AugwOnly  R.B.  -  Rock  Bit  C.W. 

HoHom  Au^  S.&  -  Split  Spoon  C.A. 

Waih  Bon  &T.  -  Sholbv  Tuba  F.B.  * 


SAMPLE  DESCRIPTION 


C0L0R-MATER.AL-MO1STUBE-Cjj^J^;;5|;^^ 


.5 


8.0  13.0 


28.0 

WB 

34.0 

WB 

42.0 

WB 

45.5 

WB 

50.0 

WB 

Topsoil  _ 


I 

iDaric  brown  silty  clay,  medium  to  soft 


,  soft  to  metfium 


Gray  silty  clay,  w/trace  of  weathered 


Gray  clay,  trace  of  fine  sand,  medium 


Gray  fine  sand,  trace  of  medium  sand 


Same 


Same 


Same 


.5  WB 


EMARKS:  (Gating  Water  LoeA  Etc.] 


Gray  shale,  medium  to  hard _ _ 


ght  gray  limy  shale,  medium  to  hard 


Water  Lmtal  Time  Data 


Cnmnn  nn  Ai 


C-304 


DRILLING  LOG 


PROJECT  Suf^fiLy  U)e\i 

LOCATION  - 


DATE 


DRILLERS 


L  tin  Mb'- 


DRILL  RIG 


BORE  HOLE 


(nA) 


Page  /  of  3 


FEET 

DEPTH 


SAMPLE 


DESCRIPTION 


REMARKS 


10 


ZO' 


Ql^CIc  Soi*- 
CSofctrri-s  S/L-n  Ccn/) 


NgLL-OL^  Cl%^ 


5fV*3i,  TO  CBA<l4tr 

f\rLKosic 


E\.irL'.  74/. 

Static.  Ufnnr/t  Ltit/t'c  : 

li>.S" 

Pt^o^ucrio/O*. 

438  3|Oww  oiiTu 

b-'C'  b<4Oft0iOA) 


C-305 


DRILLING  LOG 


PROJECT 

LOCATION 


DRILL  RIG 


FEET 

DEPTH 

— 3.a~ 


description 


DATE  - 
DRILLERS 


BORE  HOL 


DRILL  R16 


BORE  HOLE 


SATiPLE 


DESCRIPTION 


Page  3  of  3 


REMARKS 


coflfis<r  G*n^\)ci. 

Fcui  BoucCt'^i 


OOtt  ®  ^ 


1 8'  srMuJktt* 

iex.ifir^ 

(m  fcui  I**  Sorra«“  . 

To^OfPcuS^  e*4.S' 


TP 

Tof  of  Pi.tf(Ke*»Tor>»  Sl^  ’ 


DRILLING  LOG 


project  ■  Wi-v  UJtct —  BATE  — ‘i/ ^3/i// - 

LOCATION  - -  DRILLERS 

DRILL  RIG  -  BORE  HOLE  - 


rage  /  of  S 


C-308 


DRILLING  LOG 


project  W/^TTfA  SuN>ft-M  U}l=CC -  - 

LOCATION - —  DRILLERS  H/^srr/tA/. 


DRILL  RIG 


BORE  HOLE 


P«»e  2.  of  3 

SAfIFLC  I  I 


FEET 

DEPTH 


.Srfa. 


DESCRIPTION 


REMARKS 


nJ£  ra  M<e6ui*v\ 


DRILLING  LOG 


project  U/ffr£7Z  SjPpl^  Ai 

location  - 


>64  C 


DATE 


DRILLERS 


U/er^rcTtKl 


DRILL  RIG  -  BORE  HOLE  -  ^ 


Fagc  ^  of  ^ 


M 

■ 

DESCRIPTION 

REMARKS 

.... 

9  ^  m  c 

• 

•  •  •  • 

• 

«  •  ♦  o  «  « 

— 

. 

1C. - 

.... 

— 

•  •  •  • 

«  •  •  « 

- 1  • 

z.b  OP  IB  STA<fOl,<rli 

*  *  •  « 

SregL  S'^wTTeX  5c/8^ffAi 

— 

•  •  •  ■  « 

•  •  •  a 

>2'  ^Lu*  /A>  Sorrow  : 

— 

■  •  •  a 

•  a  •  •  •  • 

Toi»o4P«,u*:  79.1^ 

•  •  •  •  • 

Tt>  — 

— 

'W 

Of  PcC>V4«»wToJ  SlA 

• 

- 

- 

— 

C-310 


DRILLING  LOG 


project  Safifi.1 

LOCATION  - - 


DATE  - 

DRILLERS 


DRILL  RIG 


BORE  HOLE 


1*3  cnc) 


r«te  /  of  3 


FEET 

DEPTH 


SAMF  LE 


description 


REMARKS 


Sitrs 


lO. 


JIf. 


FilOt 


Soft  Cl.A'i 


piNiC 


EuteL/.  7V</.7 

Sri^ric  V^f^ren  Ltvt-t; 

n.4' 

■421 

(e>  ^lOQiOc^OtOjJ 


C-31J 


DRILLING  LOG 


PROJECT  Sufei-i  faJa'i-  ‘^/so/M! _ 

location  -  DRILLERS 


DRILL  RIG  -  BORE  HOLE 


P«C«  Z  of  3 


SATiFLC 

DESCRIPTION 

REMARKS 

DRILLING  LOG 


PROJECT  W^tgrz  SuofiiM  —  date  - 

location _ DRILLERS 


DRILL  RIG 


BORE  HOLE 


A*3  cnc) 


FEET 

DEPTH 

— 


no. 


So. 


Jo 


Tb 


<^0.1 


SAMPLE 


0  »  •  O  ®  • 


090000 


0  so oO» 


0  O  O  O  09 


•  09  099 


DESCRIPTION 


CIoAT^se  S^*OCi  i  CftAOW'U 


■soFr  BLut  C«-A*, 


CofriLiii'  i  (2,cAi;eu 


-TT-  tTT 


I  I 


F*ft*  3  of  3 


REMARKS 


Of  /§  sr/^/OtC'-iS 
STVtTt-  s  r  ^£71  r c/«^.'t-^J 
12.*^' Plu4  Bon’o.v' 

Top  op  Pcu*  69  ' 


SttAuc  «  Lim%sto/oc 


C-3I3 


DRILLING  LOG 


^  PROJECT  5ui^L^  -  date  - 

LOCATION  - -  DRILLERS 


DRILL  RIG 


BORE  HOLE 


FEET 

DEPTH 


10- 


Zo- 


SA/IFLE 


DESCRIPTION 


SOIL 

(  ^>.1  '^<cr»<  Cc^s) 


SANiB*^  ClAv 


ClA'j 


(  nd) 

F*g«  !  ot  4- 


REMARKS 


E\^ev. 

Sr/^rtc  lO^rtr/t, 
/t>.3' 

J^oducr^o/J  : 


36t 

0/  (VE4tJ6oto#J 


C-314 


DRILLING  LOG 


•  PROJECT 
LOCATION 


W/^r£72  Ujtfct- 


DATE  - 
DRILLERS 


t^YAir-  Ujc'iJV^ 


DRILL  RIG  -  BORE  HOLE 


Page  2  of  V 


FEET 

DEPTH 

SAT^F  LE 

DESCRIPTION 

REMARKS 

30 

, 

— 

•  •  - 

rioe.SicT'^ 

• 

^ - 

. 

— 

■ 

CoPi»-i$,»r  TO  SAxib 

■ 

• 

•  # 

Fi /OC  SAo5 

..... 

5b - 

T-TT  .  . 

f 

•  CoftRsc  5  GdAJCL 

• 

““ 

:  Oi)  o  o  e  5 

•  •  •  '  ' 

oc  oofpoo 

— 

.... 

•  ae  o»  o" 

C-315 


DRILLING  LOG 


9 


PROJECT 

LOCATION  - 


DRILL  RIG 


FEET 

DEPTH 


SAJIFLE 


DESCRIPTION 


>mS' 


CO  o  ^ 


9  o  Ooo 


TO. 


so. 


DATE  -  - 

DRILLERS 


BORE  HOLE  — 

P«g®  S  ot  ^ 


REMARKS 


Fiot 


DRILLING  LOG 


4 


PROJECT 

LOCATION  - - 


DATE  -  _ 

DRILLERS 


DRILL  RIG  -  BORE  HOLE 


Page 


FEET 

DEPTH 

SAf-lFLE 

DESCRIPTION 

remarks 

- . 

— 

* 

Otoooc 

CopicSf  <i  Ge.<^L)tL. 

OP’  l&  ^rft/rOLt'S^, 

— 

•  .  •  .  , 

. 

Sn-fL  S^wrrtTi  SCfitcAJ 

zsaooom' 

10  fci/fe  lAj  EoTTeA-; 

3  0  0000 

Tap  OF  fi.44.;  CJ7.S' 

38- S’ 

op 

^  ' 

— 

ruta$AoTo.J  Sii 

• 

— 

- 

C-317 


DRILLING  LOG 


C-318 


DRILLING  LOG 


PROJECT  WA'TfTg 

LOCATION  -  - - 


DRILL  RIG 


SW1FLE 


FEET 


DEPTH 

"33 


DESCRIPTION 


DATE  _ 

DRILLERS 


BORE  HOLE 

Paje  £  of  ^ 


REMARKS 


DRILLING  LOG 


project  5up«t  uS'=-u._ — .  date  ..  - 

LOCATION. - -  drillers 

DRILL  RIG - BORE  HXE  — - 


P*gec  •fj 


SAI^F  LE 

FEET 

DEPTH 

DESCRIPTION 

rek?.^ks 

fed 

. 

■  .  .  . 

* 

• 

— 

.... 

(lor^a^e  s/a.j6 

— 

.... 

70—— 

.... 

.... 

• 

So _ 

— 

-  -  .  -  . 

0  O  ^  ^ 

CoA«ic.' 

^w(-6cllS 

ZS' OF  yS ^  ^LL-ii 

STi^l.  Shu-'z-^  Scztfr.  '  ' 

os'o  o  OS 

1  Z'  /<.u6  > ^  a-""j/vz> 

Xb _ ^ 

0  09  oo  o 

-p) 

Tifi  or  fi.ij(.  ■  .  .-  S 

Si.  ft’ 

■  C!)  — 

s 

'  0 

Td(«  oc  1  ct-^  •'^#-R"dO  5<f 

C-320 


DRILLING  LOG 


PROJECT 

LOCATION 


r<f7g  Su  V  alett- 


DATE  - 
DRILLERS 


sY^/v/. _ 


DRILL  RIG 


BORE  HOLE 


^7  CJ16) 

Page  /  of^ 


DRILLING  LOG 


DRILLING  LOG 


PROJECT  V/i»TF/t  Suftfic, 
LOCATION  - 


DATE  - - 

DRILLERS 


DRILL  RIG  -  BORE  HOLE 


f»gt  3  of J 


FEET 

DEPTH 

SAMP  LE 

DESCRIPTION 

REMARKS 

<00 

— 

^4uft  Avtb 

• 

0  <?OOoO 

«  •  •  « 

. 

— 

. 

Do&oOO 

no 

.... 

2S  'of^  /d'  STAfry/tfiS 

.... 

Sfe^C  Scit-et-^ 

— 

.  .  -  -  . 

1  P^ufc  BeTT®**« 

— 

ooooooo 

To^o<s/lufe:  78.2.’ 

TI>  - 

;  ;  ;  • 

22^31 

— 

— 

OftllLING  LOG 


PROJECT  Afa -  DAT£ 

LOCATION  -  DRILLERS  - 


DRILL  RIG 


BORE  HOLE 

f«ge  /  of J 


FEET 

DEPTH 


SAfiFLE 


DESCRIPTION 


REMARKS 


Ha/^A  Su/fr'  Cc^ 


jO 


CcA-j 


6r/9ric  \ii/»r&i  Let^c 

/i.D' 

'^Qbucr/o^  z 

ISTD 
Z.'Z,  ' 


DKILLING  LOG 


project  SufifiLw  Uleci. - -  [)A7£  _ 

LOCATION  -  DRILLERS  - 


DRILL  RIG 


BORE  HOLE 


of  5 


FEET 

DEPTH 

SAf'lPLE 

DESCRIPTION 

REMARKS 

3= 

_  - - 

’ 

• 

• 

.... 

— 

.  .  «  • 

— 

-  •  •  •  • 

• 

— 

. 

to  P’imC  S«9i4ZS 

— 

.... 

m  m  .  m 

. 

• 

— 

•  •  •  •  • 

Co»acr 

BBHBB 

C-325 


DRILLING  LOG 


PROJECT  -  DATE  - 

LOCATION  - —  DRILLERS  - 


DRILL  RIG  -  BORE  HOLE  -<g  <'/7a»; 


Ng«  J  of  J 


FEET 

DEPTH 

SA/1F  LE 

DESCRIPTION 

remarks 

.... 

. 

, 

— 

• 

• 

— 

•  •  •  • 

SAnb 

ooooo^^ 

Co oooo 

— 

0  o  ^  ^ 

— 

----- 

5  4i-»d 

Z'^‘or> 

S  nrisC  S**Orre  < 

io - 

\0' f-J  Aarro-i 

■  \/cn.v(  F/fOe  S/»-w5 

-  -  -  . 

mam 

- ^ 

86.r 

"fo^iop  rw(?flsoi4T©,o  Sv 

■ 

OKILLINC  LOG 


PROJECT  U/l^re7^  Scj^v  iUitt.  _ 

LOCATION  - - - DRILLERS  <e^v7W 


DRILL  RIG - BORE  HOLE  -  ^'7!^) 


Page  /  of  J 


DRILtING  LOG 


PROJECT 


LOCATION 


DRILLERS 


DRILL  RIG 


BORE  HOLE 


/o  Cn  Ic 


DRILLING  LOG 


PROJECT  _ /<9/>o/y'a _ 

LOCATION  -  DRILLERS 


DRILL  RIG  -  BORE  HOLE  I 


ot>S 


SA/1PLE 

FEET 

DEPTH 

DESCRIPTION 

REPtARKS 

•  •  •  • 

•  «  «  • 

•  •  •  •  • 

• 

7<5  — 

Ct>f^ASe  ,  (hitoJtrc  , 

Sft>7^cL  Zoucoentt 

•  •  •  •  • 

OOOOoO 

.... 

Z^‘ Ot^  IS"  sTA/AiLCiZ 

• 

00<3OO.o 

— 

.  .  .  .  - 

fO  "  ftj6  2o-rrO'-^ 

& _ 

-  .  .  . 

Tofi  OP  /iut  :  S(g  ' 

XiOOOOO 

. 

Tb  _ 

1  I  [ 

-  '"JP 

Tof  Ofi  diASA^Tbti 

ol 

_ 1 _ 1— 

■Ml 

C-329 


DRILLING  LOG 


project  SafifiLW  £^ye'LCr_  date  _ 

LOCATION  - - - DRILLERS  J=^:f£lKzCU*iirt^ 


DRILL  RIG 


BORE  HOLE 


(/7r) 

Page  /  ol3 


FXET 

DEPTH 


SATIP  LE 


DESCRIPTION 


REMARKS 


Bc*»ci<-  So/<_ 


GAfVH  CLA-'J 


[0. 


ZD. 


■J# 


SoPr  “Bx-ut 


Fiioc 


Sr/^fiL  Lc-wfc. 

9.o[ 

T^Ofiacf/o^ : 

IS  ' 


C-330 


DRILLING  LOG 


PROJECT  u)eu^  -  DATE  — 

location  -  DRILLERS 


L./}Yajc^-  kl€%r<f^^ 


DRILL  RIG 


BORE  HOLE 


^Co  i/ir) 

p-ge  ^ef  J 


DRILLING  LOG 


PROJECT  W'ffreK  Sufifl-i  uJen.. —  _ 

LOCATION  - : -  DRILLERS 


DRILL  RIG - BORE  HOLE  ^ 


?•«*  3  of  J" 


FEET 

DEPTH 

SA/i;  LE 

DESCRIPTION 

REMARKS 

40 

F'tKiC 

* 

— 

.... 

(JoA/cScf 

70 _ 

.... 

•  .  •  •  • 

2.^  0^  IS  Sr/9friLeS5 

-  -  -  •  - 

^rtzec  s^urrerz  scotfti^ 

— 

10'  ^LU(t  /8o7TZ)m 

«  «  •  «  • 

%p  &Z..Z' 

•  •  •  m 

(Lo*9ilSfc" 

5b - 

e  0  0 1»  oa 

£>c-n< 

\ 

DRILLING  LOG 


PROJECT 


LOCATION 


DRILLERS 


DRILL  RIG 


SAMP  L£ 


FEET 

DEPTH 


DESCRIPTION 

'BcAcIC 


BORE  HOLE  - 

F«g«  lotj 

_ REMARKS 

.EuGw.  7W*0' 

^r/rric  kWre/i  ; 

1^,0' 

'T^ofiacr/o^: 

/i '  D/fo-uitot^^ 


DRILLING  LOG 


PROJECT 

LOCATION 


UJeiL 


DATE 


DRILLERS 


DRILL  RIG 


BORE  HOLE 


^QyJ) 


F*ie  £.  of  J 


C-334 


APPENDIX  D 
GEOTECHNICAL  DATA 


(I9»j)  NMOQMVya 


D-6 


0.00  s.ocr  10.00 


0.00  <  5.00  10.00  15.00 

TIME  (Mi 


/,‘’3c  /.77 


T  O 
O 


NMOQMVya 

D-IO 


S7-11 


NMOQMVya 


D-11 


0.00  ^  2.00  4.00  6.00  8.00 

TIME  (Minutes) 


0.00  t  2,00  4.00  6.00 

TIME  (M 


(;33j)  NMOGMvya 

D-20 

L . . 


moQiMna 


D-22 


I  I  I  I  I  I 

7 

o 

(}33J)  NMOQMVyC 

D-23 


mrrrr 


•  I  •  I 


I  I  I  I  I 


7  o 


NMOGMVdQ 


D-28 


TTTrrTTTfTxrri-rrTT 


0-29 


3nii 

0002  0001  J  000 


NMOG/AVda 


D-32 


S16- 


(psj)  NMOG/AVdQ 


D-34 


S16-10 


o 


D-38 


0.00  4.00  8.00  12.00  16.00 

TIME  (Minutes) 


I  <  1  l-L-lJjJ-LL_LLI  1  1  1  I  IJ  1  1  I  LLI  J  1  1  I  1  I  1  I  1  I 


NMOQMVda 


D-40 


5.00 


S17 


D-45 


D-46 


TIME  (Minutes) 


NMOaMVdQ 

D-49 


NAAoawvya 


D-50 


0.00  10.00  20.00 

TIME 


(^saj)  NAAOaWVaa 


D-51 


t  I  • 


I  1  I  4  I  I 


NMOQMVdQ 


D-52 


TTTTTTT 


NMOOMvya 


I  I  I  I  I 


D-55 


O  o  o 


NMOQMVdQ 


0-56 


5.00 


ALUDVIAL  SILTY  CIAY 


■^  i-  Vfc  K  j  •*, 

'  vJ. 


Amiiunltion  Plant  SOMMABV  OF  SOIL  TESTS 


^  I 

8  J 


I  o 


Hi 


naBBeniBiiiin 


im 


mnMi 


U  I 


D-57 


>1  rn»«paN 


GRAIN 


:p«|t«|  *100 


20  30  40  so  70  100  140  200 


Doi.  1/28/83 


•  *•*)  V«|f  %  fl 


PERMEABILITY  TEST 


Job  Name:  Lake  City  Army  Ammunition  Plant _ ; _ 

Well  No:  ^  _ Sample  No:  STl _ Depth:  10.0-11.5' 

Description:  Gray  brown  silty  clay  w/iron  A  dark  stains  I  nodul 

_ lirm 


Moisture  Content:  _ 27.7  _ 

Wet  Unit  Weight:  _ 124.7 _ 

Dry  Unit  Weight:  _ 97.7  _ 

Permeability  Coefficient  for  this  sample:  _ 3.11  X  10~^  cm/sec 
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PERMEABILITY  TEST 


Job  Name:  Lake  City  Army  Ammunition  Plant _ ; _ 

Well  No:  _ MW  2-6  Sampl e  No:  STl _ Depth:  14.5-16.0’ 

Description :  Gray  brown  silty  clay  w/iron  stains,  firm _ 


Moisture  Content: 

Wet  Unit  Weight : 

Dry  Unit  Weight: 

Permeability  Coefficient  for  this  sample:  4»14  X  10~Q  cm/sec 


27.9 


125.7 

98.3 
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PERMEABILITY  TEST 


Job  Name:  Lake  City  Army  Ammunition  Plant _ .  _ 

Well  No:  MW  2-5 _ Sample  No:  STl _ Depth:  9.5-11.0* 

Description :  Gray  brown  silty  clay  w/lron  stains,  firm _ 


Moisture  Content: 

Wet  Unit  Weight: 

Dry  Unit  Weight: 

Permeability  Coefficient  for  this  sample: 


27.8 

124.2 

97.2 


5.23  X  10'®  cm/sec. 
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PERMEABILITY  TEST 


Job  Han*:  Lake  City  Army  Ainmunltlon  Plant _ 

Well  No:  MW2~1 _ Sample  No:  STl _ Depth;  10-11.5* 

« '  ( 

Description:  Very  stiff-  Irr^y  h-rnwn  c<1ty  iy>r^r^ _ 

stains  and  nodules. 


Moisture  Content:  _ 25.0 _ 

Wet  Unit  Weight:  _ 125.1 _ 

Dry  Unit  Weight :  _ 100.1 _ 

Permeability  Coefficient  for  this  sample:  3.fi2  y  /.m.  /eo^ 

This  permeability  coefficient  indicates  a  nearly  impermeable 
material. 
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PERMEABILITY  TEST 


Moisture  Content 
Wet  Unit  Weight: 
Dry  Unit  Weight: 


27.8 

124.5 


97.4 


Permeability  Coeff^''i  ?nt  for  this  sample: 


6.06  X  10-8  cm/sec, 
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PERMEABILITY  TEST 


Job  Name:  Lake  City  Army  Ammunition  Plant  _ 

Well  No;  MW  1-9 _ Sample  No;  STl _ Depth;  9.5-11.0* 

Description ;  Gray  brown  silty  clay  w/iron  nodules  k  stains,  firm 


Moisture  Content:  _ 25.4 _ _ 

Wet  Unit  Weight:  _ 127. 7 _ _ _ 

Dry  Unit  Weight:  _ 101 . 8 _ _ _ 

Permeability  Coefficient  for  this  sample:  9.60  X  10~^  cm/sec. 
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PERMEABILITY  TEST 


Job  Name:  Lake  City  Army  Ammunition  Plant _ ^ _ 

Well  No:  MW  1-8 _ Sample  No:  ST2 _ Depth:  19.5-21.0’ 

Description:  Brown  w/trace  gray  silty  clay  w/iron  stains,  firm 


Moisture  Content: 

Wet  Unit  V/eight: 

Dry  Unit  Weight: 

Permeability  Coefficient  for  this  sample:  2.01  X  10  cm/sec. 


31.1 

118.7 


90.6 
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PERMEABILITY  TEST 


Job  Name;  Lake  City  Army  Aimnunition  Plant 


Well  No:  MW  1-7 _ _Sample  No;  STl 


_Depth ;  9.5-11.0* 


Description;  Gray  brown  silty  clay  w/trace  gravel,  iron  nodules 
&  stains,  very  stiff  _  _ _ _ 


Moisture  Content: 
Wet  Unit  Weight: 
Dry  Unit  Weight : 


24-5 

126.6 

101.7 


Permeability  Coefficient  for  this  sample;  2.78  X  10~^  cm/sec. 
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PERMEABILITY  TEST 

Job  Name:  Lake  City  Army  Ammunition  Plant _ _ _ 

Well  No;  MW  1-6 _ Sample  No:  STl _ Depth:  4. 5-6. O' 

Description:  Gray  brown  silty  clay,  iron  stain  t  nodules,  firm 


Moisture  Content:  _ 26.6 _ 

Wet  Unit  Weight :  _ 124 . 3 _ 

Dry  Unit  Weight:  _ 98.1 _ 

Permeability  Coefficient  for  this  sample:  7.64  X  10~^  cm/sec. 
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PERMEABILITY  TEST 


Job  Name:  Lake  City  Army  Ammunition  Plant _ _ _ 

Well  No:  MW  10-5 _ Sample  No:  STl _ Depth:  24 . 5-26.0 

Description:  Olive  brown  shaly  clay,  very  stiff _ 


Moisture  Content: 
Wet  Unit  Weight: 
Dry  Unit  Weight: 


22.4 

129.1 

105.5 


Permeability  Coefficient  for  this  sample: 


1.61  X  10"^  cm/sec. 
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ALIXIVIAL  SAND 


PERMEABILITY  TEST 


Job  Name:  Lake  City  Army  Anmiun  it  ion  •  Plant _ 

Well  No;  MW  9-3 _ Sample  No:  Bag  Kl  Depth:  33 '-44* 

Description:  Gray  fine  to  medium  sand  with  trace  of  silt. 


Moisture  Content: 
Wet  Unit  Weight: 
Dry  Unit  Weight: 


Permeability  Coefficient  for  this  sample:  1.1  x  10  cm /sec. 

This  permeability  coefficient  for  this  sample  indicates  a 
medium  degree  of  permeability. 
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PERMEABILITY  TEST 


Job  Name:  Lake  City  Army  Ammunition  Plant _ 

Well  No:  MW  9-2 _ Sample  No:  Bag  #1 _ Depth:  32. 5 *-40.0 

Description:  r.rav  smtv  fine  to  medium  sand _ 


Moisture  Content: _ _ _ _ 

Wet  Unit  Weight;  _  ' _ 

Dry  Unit  Weight: _ _ 

_3 

Permeability  Coefficient  for  this  sample:  9.0  x  10  cm/sec. 

This  permeabilty  coefficient  indicates  a  medium  degree  of 
permeability  for  this  sample. 
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PROOUCTIOM  WELL  PUMP  RATE  DATA 


CSS&AbtXieULTMTS 


CLIENT/SUBJECT  /^i>*  Pcvc^  / Pi^»*vp  1^'^ 


SHEET-  /  ot 
W.O.  22S1"-05~-/0 
_  TASK  NO  0O3o 


PREPARED  BY  S- 

MATH  CHECK  BY - 

METHOD  REV.  BY _ 


nppT  153  r  HATE  ‘^/zz/es 

APPROVED  BY 

nPDT  HATE 

DEPT  DATE 

DEPT  DATE 

Pu 


mi 


CfidcukdtSicS  Q  Csprn^ 


L/ 


A 

(7AA 

^/>3 

b 

/7BB 

3i'0 

c. 

I7CC. 

;F 

p 

t7PD 

433 

£ 

!?£ 

F 

I7£€ 

35-^ 

6 

17PP 

H 

1766 

I 

— 

■ - - 

J 

I7J 

K 

I7JJ 

44Z 

L 

17k 

267 

\lKi^ 

Z12 

^  Mo  4-  ujQtfic^ 

b«4om  5/ (/0g 

5//6/^« 

Pomp  nc?  I  n  • 
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RFW  10-05-003/A-S/S5 


MMMM  SeSfiXWtONSJlTlKB 

SHEET  of  ^ 

CLIENT/SUBJECT  AiV  tVcg  /?ump  Rg^ucA*cr»o _  ^  O.  NO  -OS'- JQ 

TASK  DESCRIPTION  f»cicoJc.  h  eskrnaJ*  irtdw.'<W  pumping  rec^ 

PREPARED  BY  - DEPT — Lf^C _ DATF  -tBT 

MATH  CHECK  BY - DEPT _ DATE _ 

METHOD  REV.  BY - DEPT _ DATE _ 


TASK  NO  OOaO 
APPROVED  BY 


DEPT _  DATE 


+  ^s,cc>o  ^/hr  = 

D  FF +-f>a  Sfe.ooo^/^^  ^ 

^  583  ^  p  rvi 

14  33  3pm 

•'•  0^  -  tSDgprv-i 

BVO+P+^l  =  OOO  = 

&  +  P  -h  -  ^Oj  OOO  ^  /h  r  - 

14  33^pv^ 
lOOOgprh 

•  •  Qp  -  433  3prr» 

/i  +  B  +  lc.f  L  -  ‘^Z)St>o 

f  B -f  P  +  -  1)4,000  ^/h/  c 

1542 

|‘?0O<^p»v% 

;.  Qp  -  Bse^pro 

d+D4F+M  =  S5,000  3^y  * 

B+D+-ki+M  =  &e> ,000  ^/y^r  i: 

.V  K>  F  f 84  -  356  f  84  --  44Z 

iBSBgprv, 

1467  3pm 

.*•  442  2?)!^ 

-  <?O^S-oc?  3/hr  = 
,%  A  -  -  D-6-<  -  Jc'3 

1  -5^83  p|v> 

•'•  Qa"  ^-3  3p»»^ 

A+e.|-D-)-6»4fc  -  !!/  ,SOO^/Hr- 

:.  B  =  /656  -  isoe  -  yso 

/  ^s&t^prv> 

•  •  B  -  ^^^3^ 

tA  -  (43)3-  B-D-  F  -  2?2 

L  •-  I'SAl  -  A  -  B  '  K  -  26)7 

Q  M  '  2^Z  <^ffy, 
.*.  Q  1_  '  267  ^pir^px 

9FW  <0-05-003/A-5/85 
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APPENDIX  E 


EQUATIONS  USED  FOR  ANALYSIS  OF 
PUMPING  TEST  DATA 


Baromstric  Bfficisncv  (BE) 

BE 

=  wdh 

dP,  where 

w 

=  unit  weight  of  water 

dh 

-  change  in  head 

dP 

a 

=  change  in  atmospheric  pressure 

Relationship  of  Aquifer  Storaaa  (8)  te  BE 


s  =  nBnva  where, 

BE 

n  =  porosity 

B  =  aquifer  compressibility 

=  density  of  water 
g  =  gravitational  constant 


Equations  for  calculating  aquifer  characteristics  for  a  leakv 
system  with  release  from  storage  from  the  aquitard  layer  and 
partially  penetrating  wells  (Hantush.  1964:  Walton  1979). 

s  =  W(u,T)+W(£  l',d',y')  where, 

4jrT  m 


s 

T 

Q 

W(u,T) 

W(r/m 


m 

Pv 

Ph 

1  ■  fd' /Y ■ 

s 

u 


t 

T 


=  drawdown  (ft). 

=  transmissivity 
=  discharge 
=  well  function  for  a 
leaky  confined  aquifer 
=  well  function  correction 

for  a  leaky  confined  aquifer  with 
partially  penetrating  wells  having 
no  storage  capacity  and  long 
pumping  periods. 

=  radial  distance  from  the  pumping  well 
to  the  observation  well  (ft.) 

=  aquifer  thickness 
=  vertical  permability  of  aquifer 
=  horizontal  permeability  of  aquifer 
=  define  geometry  of  production  well 
and  observation  wells  relative. 

”  where , 

1.87  r* 

»  dimensionless  parameter  of  the 
well  function  exponential 
defined  through  curve  matching. 

=•  time  (days) 

=  transmissivity  (gpd/ft) 
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APPENDIX  F 


STATISTICAL  BACKGROUND  VALUES 


C«leul«cioa  of  ■eaeiaeieol  aigaiflcanee  of  individual  parameccr  daca  wich 


avaragt  background  data  uaing  Cochran* a  Approxiaacion  co  eha  Bahrana-Fiahar 
acudanca*  c~caac  aa  adapted  fron  AOCFTl  Parc  264,  Appendix  IV. 

Calculate  the  oMan  (Xg)  and  variance  (S^g)  for  background  data. 

For  the  aonitoring  dace,  the  analytical  reaulc  conaticutea  the  value 
(Vg),  and  its  variance  will  be  zero. 

This  data  ia  uaed  to  calculate  a  t-staciacic  (c*),  and  a  compariaon 
C-atatiacic  (t^). 

The  value  of  c*  ia  calculated  aa  followa: 

If  Che  value  of  C*  ia  negative  (Xg  >  V^) ,  then  there  can  be  no 
aignif leant  increaae,  ainee  the  background  ia  greater  than  the  aonitoring 
point. 

If  Che  value  of  c*  ia  poaitive  (V^  >  Xg)  then  the  c^  value  auat  be 
calculated  for  coaperiaon: 

c.  ■  (t.) 


If  ch«  valu*  of  c*  it  tquti  co  or  Itrgar  ehta  Cg •  chon  chart  note 
likaly  hat  baan  a  tignifieanc  incraaaa  for  cha  paramacar. 

If  cha  valua  of  e*  is  lass  chao  Cg,  chan  chara  nose  likaly  hat  noc  baan 
a  tigoificaoe  iaeraaaa  for  cha  paramacar. 

Tha  uaa  of  taro  varianea  for  cha  aonicoring  valua  is  rachar  consarvaciva, 
siaea  no  allowanea  for  analycieal  variabilicy  is  eonsidarad. 

Howavar,  chit  consarvaciva  approach  may  ba  iuscifiad  undar  chasa 
cireuascaneas . 
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TABLf  E  Stuaint  t  Oisuibution 


The  following  cable  provides  the  values  of  r,  that  correspond  to  a  given  upper>tail 
area  x  and  a  specmed  number  of  degrees  of  freedom. 

Oecrta  Upper-Tail  Area  x 

of  ■'  — — - 


Freedom 

.4 

.23 

A 

03 

023 

.01 

.003 

0023 

001 

0003 

1 

0.123 

I  000 

lO'S 

4.314 

12.704 

31.421 

63  437 

127.32 

314.31 

436.42 

2 

.239 

0.314 

1  334 

2.920 

4.103 

4  943 

9.923 

14.019 

21327 

31.391 

2 

.277 

.743 

1.413 

2.333 

1.142 

4.541 

3  441 

7433 

10.214 

12.924 

4 

.271 

.741 

1.331 

2.132 

2.774 

3.747 

4.404 

3.394 

7.173 

4.410 

0.247 

0.727 

1,474 

2.013 

2.371 

3.143 

4032 

4.773 

5|93 

4.449 

< 

.243 

.713 

1.440 

1.943 

2.447 

3.141 

3.707 

4.317 

3.201 

3.959 

7 

.241 

.711 

1.413 

1.493 

2.143 

1994 

3.499 

4  029 

4.743 

3  404 

1 

242 

.704 

1.397 

1.440 

2.104 

2.494 

3  333 

3  133 

4.301 

3.041 

9 

.241 

.703 

1.343 

1.433 

2.262 

1421 

3.230 

3.690 

4.297 

4.741 

10 

0.240 

0.700 

1.372 

1.412 

2.224 

1744 

3.149 

3.311 

4  144 

4.337 

11 

.240 

.497 

1.341 

1.794 

2.201 

1714 

3.106 

3.497 

4.023 

4.437 

12 

.239 

.493 

1.334 

1.742 

2.179 

1441 

3.033 

3.424 

3.930 

4.314 

13 

.239 

,494 

1.330 

1.771 

2.140 

1430 

3.012 

3.372 

3  432 

4  221 

14 

.231 

.492 

1.343 

1.741 

2.143 

1424 

19n 

3.324 

3.747 

4.14U 

IS 

0.231 

0.491 

1.341 

1.733 

2.131 

1402 

2.947 

3.244 

3.733 

4  073 

Id 

231 

.490 

1.337 

1.744 

M20 

1343 

1921 

3.232 

3.444 

4013 

17 

2.37 

.419 

1.333 

1.740 

1110 

1347 

2.494 

3.222 

3.4-I4 

3.943 

11 

.237 

.411 

1.330 

1.734 

not 

1332 

1474 

3. 197 

3.410 

3.922 

19 

•237 

.401 

I.3U 

1.729 

1093 

1339 

1141 

3.174 

3.379 

3.443 

20 

0.237 

0417 

1.323 

1.723 

1044 

1324 

1143 

3.133 

3.332 

3.450 

21 

.237 

.414 

U21 

i.ni 

1040 

1314 

1131 

3.133 

3.327 

3.419 

22 

.234 

.414 

1.321 

1.717 

1074 

1304 

1419 

3.119 

3.303 

3.792 

23 

•230 

.413 

1.319 

1.714 

1049 

1300 

1407 

3.104 

3.443 

3.767 

24 

.234 

.413 

IJtl 

1.711 

1044 

1492 

1797 

3.091 

3.447 

3.743 

2S 

0.234 

0.414 

I.3I4 

1.704 

1040 

1443 

1747 

3.071 

3.430 

3.723 

24 

.234 

.414 

1.313 

1.704 

1034 

1479 

1779 

3.047 

3.433 

3.707 

Xt 

.234 

.444 

1.314 

1.703 

1032 

2.473 

ini 

3.037 

3.421 

3.490 

2S 

J34 

Mi 

1.313 

1.701 

1044 

1447 

1743 

3.047 

3.401 

3.474 

2f 

JM 

Mi 

Ull 

1.499 

1043 

1442 

1734 

3.031 

3.394 

3.439 

3* 

0.234 

0.413 

1.310 

1.497 

1042 

1437 

1730 

3.030 

3.344 

3.444 

4» 

.233 

.411 

1J03 

1.414 

1021 

14U 

1704 

1971 

3.307 

3.331 

M 

J34 

.479 

1  294 

1.471 

1000 

1390 

1440 

1913 

3.232 

3.440 

120 

.234 

.477 

i.a9 

1.434 

1.910 

1334 

1417 

1440 

3.160 

3.373 

40 

.233 

.474 

i-ua 

1.443 

1.940 

nu 

1374 

1107 

3.090 

3.291 

Muact:  E.S.  Peuien  and  H.O.  Hanitr.  Tttin  /tr  Statutmmns.  Vol.  I.  Leaden;  Cambndft  Univenity 
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APPENDIX  G 


CHEMICAL  DATA 


The  LCAAP  Level  Three  chemical  data  will  be  submitted  at  a  later 
date  as  a  separate  addendum  to  this  RI. 
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appendix  h 


TOXICITY  SUMMARIES 


APPENDIX  H 

TOXICITY  SUMMARIES 


Antimony 

Antimony  was  detected  in  the  monitoring  well  within  the  production  well 
capture  zone,  Area  1,  2,  A.  5,  3,  and  17  groundwater  wells,  in  surface  water 
in  the  Area  13  drainage  ditch,  the  pond,  and  Ditch  B,  and  in  subsurface  soil 
in  Area  15 . 

Antimony  is  a  metal  which  occurs  both  in  the  trivalent  and  pentavalent 
oxidation  states  (EPA  1980).  Absorption  of  this  metal  via  oral  and  inhalation 
routes  of  exposure  is  low  (EPA  1980).  Humans  and  animals  exposed  acutely 
orally  or  through  inhalation  to  either  trivalent  or  pentavalent  forms  of 
antimony  displayed  electrocardiogram  (ECG)  changes  and  myocardial  lesions  (EPA 
1980) .  Pneumoconiosis  has  been  observed  in  humans  exposed  by  acute  inhalation 
and  dermatitis  has  occurred  in  individuals  exposed  either  orally  or  dermally. 
Oral  administration  of  therapeutic  doses  in  humans  has  been  associated  with 
nausea,  vomiting,  and  hepatic  necrosis  (EPA  1980).  Chronic  exposure  by 
inhalation  of  antimony  has  lead  to  respiratory  effects  including  microphage 
proliferation  and  activity,  fibrosis  and  pneumonia  in  animals  (EPA  1980) .  A 
single  report  (Balyeava  1967)  noted  an  increase  in  spontaneous  abortions, 
premature  births,  and  gynecological  problems  in  318  female  workers  exposed  to 
a  mixture  of  antimony  metal,  antimony  trioxide,  and  antimony  pentasulfide 
dusts . 

EPA  (1988)  derived  an  oral  RfD  of  9x10'“’  mg/kg/day  for  antimony  based  on  a 
chronic  oral  study  (Schroeder  et  al.  1970)  in  which  rats  given  the  metal  in 
drinking  water  had  altered  blood  glucose  and  blood  cholesterol  levels  and 
decreased  lifespan.  By  using  an  uncertainty  factor  of  1,000,  a  LOAEL  of 
0.35  mg/kg/day  was  used  to  derive  the  oral  RfD. 
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Arsenic 


Arsenic  was  detected  in  groundwater  in  the  production  wells,  the  monitoring 
well  within  the  production  well  capture  zone,  and  Area  1,  2,  3,  4,  5.  6,  7,  8, 
16,  and  17  wells  and  in  surface  water  in  the  pond  and  Ditch  B.  It  was  also 
detected  in  sediments  in  the  Area  13  and  16  drainage  ditches,  the  Area  16 
leachate  seep.  Ditch  B,  and  the  big  ditch.  In  surface  soils,  arsenic  was 
detected  in  Area  9  and  13  and  in  subsurface  soils  in  Area  8,  14,  and  15. 

Both  inorganic  and  organic  forms  of  arsenic  are  readily  absorbed  via  the  oral 
and  inhalation  routes.  Soluble  forms  are  more  readily  absorbed  than  the 
insoluble  forms  (EPA  1984) .  Approximately  95%  of  soluble  inorganic  arsenic 
administered  to  rats  is  absorbed  from  the  gastrointestinal  tract  (Coulson  et 
al .  1935,  Ray-Bettley  and  O'Shea  1975).  Approximately  70% -.80%  of  arsenic 
deposited  in  the  respiratory  tract  of  humans  has  been  shown  to  be  absorbed 
(Holland  et  al.  1959).  Dermal  absorption  is  not  significant  (EPA  1984). 

Acute  exposure  of  humans  to  metalic  arsenic  has  been  associated  with 
gastrointestinal  effects,  hemolysis,  and  neuropathy  (EPA  1984).  Chronic 
exposure  of  humans  to  this  metal  can  produce  toxic  effects  on  both  the 
peripheral  and  central  nervous  systems,  keratosis,  hyperpigmentation, 
precancerous  dermal  lesions,  and  cardiovascular  damage  (EPA  1984).  Arsenic  is 
erabryotoxic,  fetotoxic,  and  teratogenic  in  several  animals  species  (EPA  1984). 
Arsenic  is  a  known  human  carcinogen.  Epidemiological  studies  of  workers  in 
smelters  and  in  plants  manufacturing  arsenical  pesticides  have  shown  that 
inhalation  of  arsenic  is  strongly  associated  with  lung  cancer  and  perhaps  with 
hepatic  angiosarcoma  (EPA  1984).  Ingestion  of  arsenic  has  been  linked  to  a 
form  of  skin  cancer  and  more  recently  to  bladder,  liver,  and  lung  cancer 
(Tseng  1977,  Tseng  et  al.  1968,  Chen  et  al .  1986). 

EPA  has  classified  arsenic  in  Group  A- -Human  Carcinogen- -and  has  developed 
inhalation  (EPA  1988a)  and  (1988b)  oral  cancer  potency  factors  of  50 
(mg/kg/day)''  and  1.75  (mg/kg/day)'^ ,  respectively.  The  inhalation  potency 
factor  is  the  geometric  mean  value  of  potency  factors  derived  from  four 


H-2 


occupational  exposure  studies  on  two  different  exposure  populations  (EPA 
1984) .  The  oral  cancer  potency  factor  was  based  on  an  epidemiological  study 
in  Taiwan  which  indicated  an  increased  incidence  of  skin  cancer  in  individuals 
exposed  to  arsenic  in  drinking  water  (Tseng  1977)  .  EPA  (1988b)  has  reported 
an  oral  reference  dose  (RfD)  of  1x10  ^  mg/kg/day  based  on  the  study  by  Tseng 
(1977)  in  which  blackfoot  disease  was  observed  in  humans  exposed  to  arsenic  in 
their  drinking  water.  An  uncertainty  factor  of  1  was  used  to  develop  the  RfD. 
The  EPA  is  currently  reviewing  the  oral  RfD  (EPA  1988a) . 

Barium 


Barium  was  detected  in  the  monitoring  well  within  the  production  well  capture 
zone  and  Area  6  groundwater  wells. 

Adverse  effects  in  humans  following  oral  exposure  to  soluble  barium  compounds 
include  gastroenteritis,  muscular  paralysis,  hypertension,  ventricular 
fibrillation,  and  central  nervous  system  damage  (EPA  1984,  Perry  et  al.  1983). 
Inhalation  of  barium  sulfate  or  barium  carbonate  in  occupationally  exposed 
workers  has  been  associated  with  baritosis,  a  benign  pneumoconiosis  (Goyer 
1986) .  Experimental  animals  exposed  chronically  to  barium  in  drinking  water 
developed  increased  blood  pressure  (EPA  1984) .  Inhalation  of  barium  carbonate 
dust  by  experimental  animals  has  been  associated  with  reduced  sperm  count, 
increased  fetal  mortality,  and  atresia  of  the  ovarian  follicles  (EPA  1984 
Tarasenko  et  al.  1977). 

EPA  (1988)  derived  an  oral  reference  dose  (RfD)  based  on  a  chronic  rat  study 
in  which  a  lowest-observed-adverse -effect  level  (LOAEL)  for  increased  blood 
pressure  was  observed  (Perry  et  al.  1983).  Using  the  LOAEL  of  5 . 1  mg/kg/day 
and  an  uncertainty  factor  of  100,  an  oral  RfD  of  5x10'^  mg/kg/day  was 
calculated.  EPA  (1989)  has  also  developed  an  inhalation  RfD  of 
1.4x10*'  mg/kg/oay  for  barium  based  on  a  study  by  Tarasenko  et  al.  (1977).  In 
this  study  rats  were  exposed  to  barium  carbonate  dust  at  airborne 
concentrations  of  up  to  5.2  mg/m^  for  4-6  months.  Adverse  effects  noted  at 
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this  concentration  included  decreased  body  weight,  alterations  in  liver 
function,  and  increased  fetal  mortality.  An  uncertainty  factor  of  1,000  was 
used  in  developing  the  RfD. 

Benzene 


Benzene  was  detected  in  groundwater  in  the  production  wells,  the  monitoring 
well  within  the  production  well  capture  zone.  Area  16,  and  Area  17.  In 
surface  water,  it  was  detected  in  Area  16  and  in  the  big  ditch.  It  was  not 
detected  in  sediments  or  soils. 

Benzene  is  readily  absorbed  following  oral  and  inhalation  exposure  (EPA  1985) . 
The  toxic  effects  of  benzene  in  humans  and  other  animals  following  exposure  by 
inhalation  include  central  nervous  system  effects,  hematological  effects,  and 
immune  system  depression.  In  humans,  acute  exposures  to  high  concentrations 
of  benzene  vapors  has  been  associated  with  dizziness,  nausea,  vomiting, 
headache,  drowsiness,  narcosis,  coma,  and  death  (NAS  1976).  Chronic  exposure 
to  benzene  vapors  can  produce  reduced  leukocyte,  platelet,  and  red  blood  cell 
counts  (EF.\  1985) .  Benzene  induced  both  solid  tumors  and  leukemias  in  rats 
exposed  by  gavage  (Haltoni  et  al.  1985).  Many  studies  have  also  described  a 
causal  relationship  between  exposure  to  benzene  by  inhalation  (either  alone  or 
in  combination  with  other  chemicals)  and  leukemia  in  humans  (lARC  1982). 

Applying  EPA' s  criteria  for  evaluating  the  overall  evidence  of  carcinogenicity 
to  humans,  benzene  is  classified  in  Group  A  (Human  Carcinogen)  based  on 
adequate  evidence  of  carcinogenicity  from  epidemiological  studies.  EPA  (1988) 
derived  both  an  oral  and  an  inhalation  cancer  potency  factor  for  benzene  of 
2.9x10  ^  ( mg/kg/ day) This  value  was  based  on  several  studies  in  which 
increased  incidences  of  nonlymphocytic  leukemia  were  observed  in  humans 
occupationally  exposed  to  benzene  principally  by  inlialation  (Rinsky  1981,  Oct 
1978,  Wong  1983).  EPA  is  currently  reviewing  an  oral  RfD  for  benzene  and  its 
status  is  pending. 
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Beryllium 


Beryllium  was  detected  in  all  groundwater  wells  except  the  residential  well 
and  Area  9  through  14  wells.  It  was  also  detected  in  surface  water  in  the 
Area  16  leachate  seep,  in  sedimdnts  in  the  Area  16  leachate  seep  and  drainage 
ditch,  ditch  B.  and  the  big  ditch,  in  Area  9  surface  soil,  and  in  Area  8  and 
15  subsurface  soil. 

Beryllium  is  not  readily  absorbed  by  any  route  of  exposure.  Occupational 
exposure  to  beryllium  results  in  bone,  liver  and  kidney  disposition  (EPA 
1986).  In  humans,  acute  respiratory  effects  due  to  beryllium  exposure  include 
rhinitis,  pharyngitis,  tracheobronchitis,  and  acute  pneumonitis.  Dermal 
exposure  to  soluble  beryllium  compounds  can  cause  contact  dermatitis, 
ulceration  and  granulomas  (Hammond  and  Beliles  1980) .  Ocular  effects  include 
conjunctivitis  and  corneal  ulceration  from  splash  burns.  The  most  common 
clinical  symptom  caused  by  chronic  beryllium  exposure  is  granulomatous  lung 
inflammation  (lARC  1980,  EPA  1986).  Chronic  skin  lesions  sometimes  appear 
after  a  long  latent  period  in  conjunction  with  the  pulmonary  effects. 

Systemic  effects  from  beryllium  exposure  may  include  right  heart  enlargement 
with  accompanying  cardiac  failure,  liver  and  spleen  enlargement,  cyanosis, 
digital  clubbing,  and  kidney  stone  development  (EPA  1986).  Beryllium  has  been 
shown  to  be  carcinogenic  in  experimental  animals  resulting  primarily  in  lung 
and/or  bone  tumors  when  given  by  injection,  intratracheal  administration,  or 
inhalation  (EPA  1986) .  Several  epidemiological  studies  have  suggested  that 
occupational  exposure  to  beryllium  may  re.iult  in  an  increased  lung  cancer  risk 
although  the  data  are  inconclusive  (EPA  1986) . 

Beryllium  has  been  classified  by  EPA  in  Group  B2- -Probable  Human  Carcinogen 
based  on  increased  incidences  of  lung  cancer  and  osteosarcomas  in  animals  (EPA 
1988).  EPA  (1988)  has  calculated  an  inhalation  cancer  potency  factor  of  8.4 
(mg/kg/ day) based  on  the  relative  risk  for  lung  cancer,  estimated  from  an 
epidemiological  study  by  Wagoner  et  al.  (1980).  EPA  (1988)  has  also  developed 
an  oral  reference  dose  (RfD)  for  beryllium  of  5.0  x  10'^  mg/kg/day  based  on  a 
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study  by  Schroeder  and  Mitchner  (i975)* in  which  rats  exposed  to  0.54  mg/kg/day 
beryllium  sulfate  (the  highest  dose  tested)  in  drinking  water  for  a  lifetime 
did  not  exhibit  adverse  effects;  an  uncertainty  factor  of  100  was  used  to 
develop  the  RfD. 

BisC2-ethvlhexvl)phthalate 

Bis(2-ethylhexyl)phthalate  was  detected  in  all  groundwater  wells  except  the 
production  wells,  the  residential  well,  and  Area  12  wells.  It  was  also 
detected  in  surface  water  samples  in  Area  16  and  in  Ditch  B. 

Bis(2-echylhexyl)phchalate ,  also  known  as  di-ethylhexyl  phthalate  (DEHP) ,  is 
readily  absorbed  following  oral  or  inhalation  exposure  (EPA  1980) .  Chronic 
exposure  to  relatively  high  concentrations  of  DEHP  in  the  diet  can  cause 
retardation  of  growth  and  increased  liver  and  kidney  weights  in  laboratory 
animals  (NTP  1982,  EPA  1980).  Reduced  fecal  weight  and  increased  number  of 
resorptions  have  been  observed  in  rats  exposed  orally  to  DEHP  (EPA  1980). 

DEHP  is  reported  to  be  carcinogenic  in  rats  and  mice,  causing  increased 
incidences  of  hepatocellular  carcinomas  or  neoplastic  nodules  following  oral 
administration  (NTP  1982) . 

DEHP  has  been  classified  in  Group  B2--Probable  Human  Carcinogen  (EPA  1986). 

•  2 

EPA  (1988)  calculated  an  oral  cancer  potency  factor  for  DEHP  of  1.4x10 
(mg/kg/day)  ^  based  on  data  from  the  NTP  (1982)  study.  EPA  has  recommended  an 
oral  reference  dose  (RfD)  for  DEHP  of  0.02  mg/kg/day  based  on  a  study  by 
Carpenter  et  al.  (1953)  in  which  increased  liver  weight  was  observed  in  female 
guinea  pigs  exposed  to  19  mg/kg  bw/day  in  the  diet  for  1  year  (EPA  1988);  an 
uncertainty  factor  of  1,000  was  used  to  develop  the  RfD. 

Cadmium 

Cadmium  was  detected  in  the  monitoring  well  within  the  production  well  capture 
zone,  Area  2,  4,  5,  8,  9,  10,  11  and  14  groundwater  well,  in  sediments  in  the 


H-6 


Area  13  and  16  drainage  ditches,  ditch  B,  and  the  big  ditch,  in  Area  9  surface 
soils,  and  in  Area  8,  14  and  15  subsurface  soils. 

Gastrointestinal  absorption  of  cadmium  in  humans  ranges  from  5-62  ( EPA  1985a). 
Pulmonary  absorption  of  cadmium  in  humans  is  reported  to  range  from  102  to  502 
(CDHS  1986).  Cadmium  bioaccumulates  in  humans,  particularly  in  the  kidney  and 
liver  (EPA  1985a, b).  Chronic  oral  or  inhalation  exposure  of  humans  to  cadmium 
has  been  associated  with  renal  dysfunction,  itai-itai  disease  (bone  damage), 
hypertension,  anemia,  endocrine  alterations,  and  immunosuppression.  Renal 
toxicity  occurs  in  humans  at  a  renal  cortex  concentration  of  cadmium  of 
200  ug/g  (EPA  1985b).  Epidemiological  studies  have  demonstrated  a  strong 
association  between  inhalation  exposure  to  cadmium  and  cancers  of  the  lungs, 
kidney,  and  prostate  (EPA  1985b,  Thun  et  al .  1985).  In  experimental  animals, 
cadmium  induces  injection-site  sarcomas  and  testicular  tumors.  When 
administered  by  inhalation,  cadmium  chloride  is  a  potent  pulmonary  carcinogen 
in  rats.  Cadmium  is  a  well -documented  animal  teratogen  (EPA  1985b). 

EPA  (1988,  1989)  classified  cadmium  as  a  Group  B1  agent  (Probable  Human 
Carcinogen)  by  inhalation.  This  classification  applies  to  agents  for  which 
there  is  limited  evidence  of  carcinogenicity  in  humans  from  epidemiologic 
studies.  EPA  (1989)  derived  an  inhalation  cancer  potency  factor  of  6.1 
(mg/kg/day) for  cadmium  based  on  epidemiologic  studies  in  which  respiratory 
tract  tumors  were  observed  (Thun  et  al.  1985,  EPA  1985b).  Using  renal 
toxicity  as  an  endpoint,  and  a  safety  factor  of  10,  EPA  (1980,  1987,  1988)  has 
derived  two  separate  oral  reference  doses  (RfD) .  The  RfD  associated  with  oral 
exposure  to  drinking  water  is  5x10'*  mg/kg/day,  and  is  based  upon  the  lowest- 
observed-adverse  -effect  level  (LOAEL)  of  0.005  mg/kg  in  humans  (Friberg  et 
al.  1974).  The  RfD  associated  with  exposure  to  cadmium  in  food  or  other 
nonaqueous  oral  exposures  is  1x10'^  mg/kg/day. 
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Carbon  Tetrachloride 


Carbon  tetrachloride  (CCl*)  is  readily  absorbed  following  oral  and  inhalation 
exposure.  About  602  of  an  oral  dose  was  absorbed  by  6  hours,  and  up  to  86% 
was  absorbed  by  24  hours.  Absorption  from  the  lung  has  been  estimated  at 
about  302  (EPA  1984).  CCl*.  like  many  other  chlorinated  hydrocarbons,  acts  as 
a  central  nervous  system  depressant  (ACGIH  1986) .  The  toxic  effects  of  oral 
and  inhalation  exposure  to  CCl*  in  humans  and  animals  include  damage  to  the 
liver,  kidney  and  lung,  although  the  liver  is  the  most  sensitive  tissue  (EPA 
1985,  Bruckner  et  al  1986).  In  animals,  acute  oral  administration  produces 
fatty  infiltration  and  histological  alterations  in  the  liver.  High  doses 
produce  irreversible  liver  damage  and  necrosis  while  the  effects  observed 
following  lower  doses  are  largely  reversible  (EPA  1985) .  Humans 
occupationally  exposed  to  5-15  ppm  of  CCI4  experience  biochemical  alterations, 
nausea,  headaches  and  in  more  severe  cases,  liver  dysfunction  (jaundice, 
enlargement  and  fatty  infiltration)  (ACGIH  1986,  EPA  1984).  Animals 
chronically  exposed  to  CCI4  exhibit  effects  similar  to  those  observed 
following  acute  exposure.  Prenatal  toxicity  has  been  demonstrated  in 
mammalian  fetuses  and  neonates  after  inhalation  exposure  in  pregnant  rats  (EPA 
1984),  although  CCl^  has  not  been  shown  to  be  teratogenic  (EPA  1985).  Carbon 
tetrachloride  is  a  carcinogen  in  animals  producing  mainly  hepatic  neoplasms. 
Oral  administration  of  30  mg/kg/day  or  higher  for  6  months  have  been  found  to 
produce  an  increased  frequency  of  hepatomas,  hepatocellular  adenomas  and 
hepatocellular  carcinomas  in  mice,  rats  and  hamsters  (EPA  1985). 

EPA  (1988)  has  classified  CCl*  as  a  B2  agent  (probable  human  carcinogen).  The 
cancer  potency  factor  for  both  oral  and  inhalation  exposure  is  1.3x10'^ 
(mg/kg/day)'^.  EPA  (1988)  established  the  cancer  potency  factor  based  on 
several  gavage  studies  in  which  hepatocellular  carcinomas  and  hepatomas  were 
observed  in  rats,  mice  and  hamsters  (Della  Porta  et  al.  1961,  Edwards  et  al. 
1942,  NCI  1976a,  1976b,  1977).  EPA  (1988)  has  derived  an  oral  reference  dose 
(RfD)  of  7xl0'‘  mg/kg/day  based  on  a  subchronic  rat  gavage  study  in  which 
liver  lesions  were  the  most  sensitive  effect  (Bruckner  et  al.  1986).  A  no 
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observed  adverse  effect  level  (NOAEL)  of  0.71  mg/kg/day  and  an  uncertainty 
factor  of  1,000  were  used  to  derive  the  RfD. 

Carcinogenic  PAHs 

Carcinogenic  PAHs  were  detected  in  Area  18  groundwater  wells  and  in  sediments 
at  the  Area  13  drainage  ditch,  the  Area  16  leachate  seep  and  drainage  ditch. 
Che  pond  and  Ditch  B. 

PAHs  occur  in  the  environment  as  complex  mixtures  containing  numerous  PAHs  of 
varying  carcinogenic  potencies.  Only  a  few  components  of  these  mixtures  have 
been  adequately  characterized,  and  only  limited  information  is  available  on 
Che  relative  potencies  of  different  compounds. 

PAH  absorption  following  oral  exposure  is  inferred  from  the  demonstrated  ' 
toxicity  of  PAHs  following  ingestion  (EPA  1984a) .  PAH  absorption  following 
inhalation  exposure  is  inferred  from  the  demonstrated  toxicity  of  PAHs 
following  inhalation  (EPA  1984a).  PAHs  are  also  absorbed  following  dermal 
exposure  (Kao  et  al.  1985).  It  has  been  suggested  that  simultaneous  exposure 
to  carcinogenic  PAHs  such  as  benzo[ a] pyrene  and  particulate  matter  can 
increase  the  effective  dose  of  the  compound  (ATSDR  1987).  Acute  effects  from 
direct  contact  with  PAHs  and  related  materials  are  limited  primarily  to 
phototoxicity;  the  primary  effect  is  dermatitis  (NIOSH  1977).  PAHs  have  also 
been  shown  to  cause  cytotoxicity  in  rapidly  proliferating  cells  throughout  the 
body;  the  hematopoietic  system,  l3rmphoid  system,  and  testes  are  frequent 
targets  (Santodonato  et  al.  1981).  Destruction  of  the  sebaceous  glands, 
hyperkeratosis,  hyperplasia,  and  ulceration  have  been  observed  in  mouse  skin 
following  dermal  application  of  the  carcinogenic  PAHs  (Santodonato  et 
al.  1981).  The  carcinogenic  PAHs  have  also  been  shown  to  have  an 
immunosuppressive  effect  in  animals  (ATSDR  1987).  Nonneoplastic  lesions  are 
seen  in  animals  exposed  to  the  more  potent  carcinogenic  PAHs  only  after 
exposure  to  levels  well  above  those  required  to  elicit  a  carcinogenic 
response.  Carcinogenic  PAHs  are  believed  to  induce  tumors  both  at  the  site  of 
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application  and  systemically .  Neal  and  Rigdon  (1967)  reported  that  oral 
administration  of  250  ppm  benzo[a] pyrene  for  approximately  110  days  led  to 
forestomach  tumors  in  mice.  Thyssen  et  al.  (1981)  observed  respiratory  tract 
tumors  in  hamsters  exposed  to  up  to  9.5  mg/m^  benzo [a] pyrene  for  up  to  96 
weeks . 

Benzo [a] pyrene  is  representative  of  the  carcinogenic  PAHs  and  is  classified  by 
EPA  in  Group  B2- -Probable  Human  Carcinogen- -based  on  sufficient  evidence  of 
carcinogenicity  from  animal  studies  and  inadequate  evidence  from 
epidemiological  studies  (EPA  1984c).  EPA  (1984a)  calculated  an  oral  cancer 
potency  factor  of  11.5  (mg/kg/day)  ^  for  carcinogenic  PAHs  (specifically 
benzo [a] pyrene)  based  on  the  study  by  Neal  and  Rigdon  (1967).  EPA  (1984a) 
calculated  an  inhalation  cancer  potency  factor  of  6.1  (mg/kg/day)  ^  for 
benzo [ a] pyrene  based  on  the  study  by  Thyssen  et  al .  (1981).  These  potency 
factors  are  currently  undergoing  a  reevaluation  based  on  recalculation  of  the 
data . 

Chlorobenzene 

Chlorobenzene  was  detected  in  the  residential  groundwater  well. 

Evidence  from  toxicity  studies  suggests  that  chlorobenzene  is  absorbed  after 
oral,  inhalation,  and  dermal  exposure  (EPA  1985).  Acute  and  chronic  exposures 
to  chlorobenzene  have  been  associated  in  humans  and  experimental  animals  with 
central  nervous  system  (CNS)  effects,  liver  and  kidney  lesions,  and 
respiratory  distress.  Results  of  reproductive  studies  with  rats  and  dogs  also 
indicate  that  chlorobenzene  induces  testicular  lesions  (EPA  1985). 

EPA  (1988a, b)  derived  an  oral  chronic  RfD  for  chlorobenzene  of  3x10  ^ 
mg/kg/day  based  on  a  study  by  Monsanto  (1967)  in  which  dogs  administered 
chlorobenzene  in  capsules  for  90  days  exhibited  liver  and  kidney  effects;  an 
uncertainty  factor  of  1,000  was  used  to  develop  the  RfD.  EPA  (1988a, b)  also 
reported  an  Inhalation  chronic  RfD  for  chlorobenzene  of  5x10  ^  mg/kg/day  based 
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on  a  study  by  Dilley  (1977)  in  which  rats  exposed  to  chlorobenzene  for  120 
days  exhibited  liver  and  kidney  effects;  an  uncertainty  factor  of  10,000  was 
used  to  develop  the  RfD. 

Chloroe thane 

Chloroethane  was  detected  in  groundwater  in  the  monitoring  well  within  the 
production  well  capture  zone  and  Area  5  wells  and  in  surface  water  at  the  Area 
16  leachate  seep. 

Chloroethane  is  primarily  absorbed  through  the  lungs,  although  some  dermal 
absorption  may  occur.  Absorption  and  excretion  of  chloroethane  occurs  rapidly 
via  the  lungs;  it  is  not  metabolized  to  a  significant  degree  (Clayton  and 
Clayton  1981) ,  Severe  acute  inhalation  of  chloroethane  by  humans  produces 
minor  neurological  effects  that  are  manifested  as  stupor  and  lack  of 
coordination,  and  in  some  incidences  as  cardiac  arrhythmia  produced  by  the 
potentiation  of  adrenalin  (Clayton  and  Clayton  1981) .  Acute  inhalation  of 
chloroethane  by  animals  has  produced  histological  or  pathological  changes  in 
the  liver,  brain,  and  lungs  (Troshina  1964),  Chronic  exposure  of  animals  to 
chloroethane  produced  kidney  damage  and  fatty  changes  in  the  liver,  and  at 
high  levels  has  upset  cardiac  rhythm  (EPA  1985).  Studies  assessing  the 
mutagenicity  and  carcinogenicity  of  chloroethane  are  currently  being  conducted 
(EPA  1985) . 

Chloroform 

Chloroform  was  detected  only  in  Area  17  groundwater  wells. 

Chloroform,  a  trihalome thane ,  is  rapidly  absorbed  through  the  respiratory  and 
gastrointestinal  tracts  in  humans  and  experimental  animals;  dermal  absorption 
from  contact  of  the  skin  with  liquid  chloroform  can  also  occur  (EPA  1985) .  In 
humans,  acute  exposures  to  chloroform  may  result  in  depression  of  the  central 
nervous  system,  hepatic  and  renal  damage  and  death  caused  by  ventricular 
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fibrillation  following  an  acute  ingested  dose  of  10  ml  (EPA  1984).  Acute 
exposure  to  chloroform  may  also  cause  irritation  to  the  skin,  eyes,  and 
gastrointestinal  tract  (EPA  1984,  1985).  In  experimental  animals,  chronic 
exposure  may  lead  to  fatty  cyst  formation  in  the  liver  (Heywood  et  al .  1979), 
renal,  and  cardiac  effects  and  central  nervous  system  depression  (EPA  1985). 
Chloroform  has  been  reported  to  induce  renal  epithelial  tumors  in  rats 
(Jorgenson  et  al.  1985)  and  hepatocellular  carcinomas  in  mice  (NCI  1976). 
Suggestive  evidence  from  human  epidemiological  studies  indicates  that  long¬ 
term  exposure  to  chloroform  and  ocher  crihalomethanes  in  contaminated  water 
supplies  may  be  associated  with  an  increased  incidence  of  bladder  tumors  (EPA 
1985)  . 

Chloroform  has  been  classified  by  EPA  as  a  Group  B2  Carcinogen  (Probable  Human 
Carcinogen)  (EPA  1988).  EPA  (1988)  developed  an  oral  cancer  potency  factor 
for  chloroform  of  6.1x10'^  (mg/kg/day)'^  based  on  a  study  in  which  kidney 
tumors  were  observed  in  rats  exposed  to  chloroform  in  drinking  water 
(Jorgenson  et  al.  1985).  An  inhalation  cancer  potency  factor  of  8.1x10'^ 
(mg/kg/day) has  been  developed  by  EPA  (1988)  based  on  an  NCI  (1976)  bioassay 
in  which  liver  tumors  were  observed  in  mice.  EPA  (1988)  also  derived  an  oral 
reference  dose  (RfD)  of  0.01  rag/kg/day  for  chloroform  ba.sed  on  a  chronic 
bioassay  in  dogs  in  which  liver  effects  were  observed  at  12.9  mg/kg/day 
(Heywood  et  al .  1979);  an  uncertainty  factor  of  1,000  was  used  to  derive  the 
RfD. 

Chromium 

Chromium  was  detected  in  the  monitoring  well  within  the  production  well 
capture  zone,  Area  2  through  8,  11,  12,  14,  16  and  17  groundwater  wells,  and 
the  residential  well.  It  was  also  detected  in  surface  water  in  the  Area  13 
drainage  ditch,  in  sediments  in  the  Area  13  drainage  ditch.  Ditch  A,  Ditch  B, 
the  big  ditch,  and  the  unnamed  ditch,  and  in  surface  soils  in  Areas  9  and  13. 
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Chromium  exists  in  two  states,  as  chromium  (III)  and  as  chromium  (VI). 
Following  oral  exposure,  absorption  of  chromium  (III)  is  low  while  absorption 
of  chromium  (VI)  is  high  (EPA  1987).  Chromium  is  an  essential  micronutrient 
and  is  not  toxic  in  trace  quantities  (EPA  1980) .  High  levels  of  soluble 
chromium  (VI)  and  chromium  (III)  can  produce  kidney  and  liver  damage  following 
acute  oral  exposure;  target  organs  affected  by  chronic  oral  exposure  remain 
unidentified  (EPA  1984) .  Chronic  inhalation  exposure  may  cause  respiratory 
system  damage  (EPA  1984).  Further,  epidemiological  studies  of  worker 
populations  have  clearly  established  that  inhaled  chromium  (VI)  is  a  human 
carcinogen;  the  respiratory  passages  and  the  lungs  are  the  target  organs 
(Mancuso  1975,  EPA  1984).  Inhalation  of  chromium  (III)  or  ingestion  of 
chromium  (VI)  or  (III)  has  not  been  associated  with  carcinogenicity  in  humans 
or  experimental  animals  (EPA  1984).  Certain  chromium  salts  have  been  shown  to 
be  teratogenic  and  embryotoxic  in  mice  and  hamsters  following  intravenous  or 
intraperitoneal  injection  (EPA  1984). 

EPA  has  classified  inhaled  chromium  (VI)  in  Group  A- -Probable  Human  Carcinogen 
by  the  inhalation  route  (EPA  1988b).  Inhaled  chromium  (III)  and  ingested 
chromium  (III)  (EPA  1988a)  and  (VI)  (EPA  1988b)  have  not  been  classified  with 
respect  to  carcinogenicity.  EPA  (1988b)  developed  an  inhalation  cancer 
potency  factor  of  41  (mg/kg/day)‘^  for  chromium  (VI)  based  on  an  increased 
incidence  of  lung  cancer  in  workers  exposed  to  chromium  over  a  6  year  period, 
and  followed  for  approximately  40  years  (Mancuso  1975).  EPA  (1988b)  derived 
an  oral  reference  dose  (RfD)  of  5.0x10'^  mg/kg/ day  for  chromium  (VI)  based  on 
a  study  by  MacKenzie  et  al .  (1958)  in  which  no  observable  adverse  effects  were 
observed  in  rats  exposed  to  2.4  mg  chromium  (VI)/kg/day  in  drinking  water  for 
1  year.  A  safety  factor  of  500  was  used  to  derive  the  RfD.  EPA  (1988a) 
developed  an  oral  RfD  of  1  rag/kg/day  for  chromium  (III)  based  on  a  study  in 
which  rats  were  exposed  to  chromic  oxide  baked  in  bread;  no  effects  due  to 
chromic  oxide  treatment  were  observed  at  any  dose  level  (Ivankovic  and 
Preussman  1975).  A  safety  factor  of  1000  was  used  to  calculate  the  oral  RfD. 


Copper 


Copper  was  detected  in  all  groundwater  veils,  in  all  surface  water  areas 
except  the  unnamed  ditch,  in  all  but  ditch  A,  big  ditch,  and  unnamed  ditch 
sediments,  in  Area  9  surface  soils,  and  in  Area  8  and  15  subsurface  soils. 

Copper  is  an  essential  element.  A  daily  copper  intake  of  2  mg  is  considered 
to  be  adequate  for  normal  health  and  nutrition;  the  minimum  daily  requirement 
is  10  pg/kg  (EPA  1985).  In  humans,  absorption  of  copper  following  oral 
exposure  is  approximately  602  and  is  influenced  by  competition  with  other 
metals  and  the  level  of  dietary  protein  and  ascorbic  acid  in  both  humans  and 
animals  (EPA  1984).  Copper  is  absorbed  following  inhalation  exposures, 
although  quantitative  data  on  the  extent  of  absorption  are  unavailable  (EPA 
1984) .  Adverse  effects  in  humans  resulting  from  acute  exposure  to  copper  at 
concentrations  that  exceed  these  recommended  levels  by  ingestion  include 
salivation,  gastrointestinal  irritation,  nausea,  vomiting,  hemorrhagic 
gastritis,  and  diarrhea  (ACGIH  1986).  Dermal  or  ocular  exposure  of  humans  to 
copper  salts  can  produce  irritation  (ACGIH  1986).  Acute  inhalation  of  dusts 
or  mists  of  copper  salts  by  humans  may  produce  irritation  of  the  mucous 
membranes  and  pharynx,  ulceration  of  the  nasal  septum,  and  metai  fume  fever. 
The  latter  condition  is  characterized  by  chills,  fever,  headache,  and  muscle 
pain.  Limited  data  are  available  on  the  chronic  toxicity  of  copper;  however, 
chronic  over-exposure  to  copper  by  humans  has  been  associated  with  anemia 
(ACGIH  1986)  and  local  gastrointestinal  irritation  (EPA  1987).  Results  of 
several  animal  bioassays  suggest  that  copper  compounds  are  not  carcinogenic  by 
oral  administration;  however,  some  copper  compounds  can  induce  injection-site 
tumors  in  mice  (EPA  1985). 

EPA  (1988)  has  reported  a  drinking  water  standard  of  1.3  mg/liter  based  on 
local  gastrointestinal  irritation  (EPA  1987).  Assuming  a  70-kg  adult  ingests 
2  liters  of  water  per  day,  this  concentration  is  equivalent  to  a  dose  of 
3.7x10  ^  mg/kg/day.  However,  EPA  (1987)  concluded  toxicity  data  were 
inadequate  for  Che  calculation  of  a  reference  dose  (RfD)  for  copper. 
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Cyanide 


Cyanide  was  detected  in  surface  soils  in  Area  9. 

The  toxicity  of  cyanides  is  strongly  dependent  on  their  chemical  speciation. 
Free  cyanides  are  readily  absorbed  from  the  gastrointestinal  tract,  lungs,  and 
skin  and,  once  absorbed,  are  rapidly  distributed  throughout  the  body  (EPA 
1985).  The  toxic  effects  in  humans  following  acute  oral  exposure  to  free 
cyanides  include  hyperventilation,  vomiting,  unconsciousness,  convulsions, 
vascular  collapse  and  cyanosis,  and  death  (EPA  1985).  Inhalation  of  high 
concentrations  of  hydrogen  cyanide  (HCN)  gas  results  in  almost  immediate 
collapse,  respiratory  arrest,  and  death  within  minutes  (DiPalma  1971). 

Airborne  hydrogen  cyanide  concentrations  between  99  and  528  mg/m^  are  fatal 
within  30-60  minutes  (NIOSH  1976).  There  is  limited  data  on  chronic  exposures 
of  cyanide  in  humans,  although  the  following  effects  have  been  identified  in 
chronic  occupationally  exposed  workers  in  some  epidemiologic  studies: 
neurological  dysfunction,  lacrimation,  abdominal  pain,  muscular  weakness,  and 
shortness  of  breach  (NIOSH  1976).  Cyanide  appears  to  be  less  toxic  to  animals 
following  chronic  exposures  than  following  acute  exposures.  In  animals, 
chronic  oral  exposure  has  produced  weight  loss,  thyroid  effects  and  myelin 
degeneration  (Howard  and  Hanzal  1955) .  Cyanide  can  cause  teratogenic  effects 
when  subcutaneously  administered  to  hamsters;  this  teratogenic  effect  has  not 
been  observed  in  other  species  although  some  reproductive  toxicity  has  been 
noted  (EPA  1985). 


EPA  (1988,  1989)  calculated  an  oral  reference  dose  (RfD)  of  0.02  mg/kg/day  for 
cyanide  based  on  a  chronic  study  by  Howard  and  Hanzal  (1955)  in  which  rats 
were  maintained  on  a  diet  fumigated  with  hydrogen  cyanide  and  exhibited  weight 
loss,  thyroid  effects  and  myelin  degeneration.  No  observed  adverse  effects 
(NOAEL)  were  noted  at  the  highest  dose  administered  (10.8  mg/kg/day).  A  NOAEL 
of  10.8  mg/kg/day  and  a  safety  factor  of  500  were  used  to  derive  the  RfD  (EPA 
1988) . 


1 . 2 -Dichloroethane 


1 , 2-Dichloroechane .was  detected  in  groundwater  in  the  monitoring  well  within 
the  production  well  capture  zone  and  in  Area  16  wells. 

Data  on  the  toxicokinetics  of  1 , 2-dichloroethane  (1,2-DCA)  in  humans  are 
limited,  but  data  from  animal  studies  suggest  that  the  chemical  is  rapidly 
absorbed  following  oral  and  inhalation  exposure  and  after  dermal  contact  with 
the  liquid  form  of  the  compound  (EPA  1985).  Effects  of  acute  inhalation 
exposure  in  humans  include  irritation  of  mucous  membranes  in  the  respiratory 
tract  and  central  nervous  system  depression  (EPA  1985).  Death  may  occur  as  a 
result  of  respiratory  and  circulatory  failure.  Pathological  examinations 
typically  show  congestion,  degeneration,  necrosis,  and  hemorrhagic  lesions  of 
the  respiratory  and  gastrointestinal  tracts,  liver,  kidney,  spleen,  and  lungs 
(EPA  1985).  Adverse  effects  caused  by  less  extreme  exposures  are  generally 
associated  with  the  gastrointestinal  and  nervous  systems.  Occupational 
exposures  to  1,2-DCA  vapors  result  in  anorexia,  nausea,  vomiting,  fatigue, 
nervousness,  epigastric  pain,  irritation  of  the  eyes  and  respiratory  tract, 
and  gastrointestinal,  liver,  and  gallbladder  disease  (EPA  1984,  1985). 

Chronic  studies  in  animals  also  have  revealed  toxic  effects  following 
inhalation  exposure  including  degeneration  of  the  liver  (EPA  1985).  Available 
data  suggest  chat  1,2-DCA  does  not  adversely  affect  reproductive  or 
developmental  processes  in  experimental  animals  except  at  maternally  toxic 
levels  (EPA  1985).  In  long-term  oral  bioassays  sponsored  by  the  National 
Cancer  Institute  (NCI  1978),  Increased  incidences  of  squamous-cell  carcinomas 
of  the  forestomach,  mammary  gland  adenocarcinomas,  and  hemangiosarcomas  have 
been  observed  in  rats  exposed  to  1,2-DCA;  pulmonary  adenomas,  mammary 
adenocarcinomas,  and  uterine  endometrial  tumors  have  been  observed  in  mice 
exposed  to  this  chemical. 

EPA  (1988)  has  classified  1,2-DCA  in  Group  B2  (Probable  Human  Carcinogen) 
based  on  inadequate  evidence  of  carcinogenicity  from  human  studies  and 
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sufficient  evidence  of  carcinogenicity  from  animal  studies.  EPA  (1988) 
derived  an  oral  and  an  inhalation  cancer  potency  factor  (q^*)  of  9.1x10'^ 
(mg/kg/day)‘^  for  1,2-DCA  based  on  the  incidences  of  hemangiosarcomas  in 
Osborne -Mendel  male  rats  observed  in  the  NCI  (1978)  gavage  study. 

I ■ 1-Dichloroethene 

1,1-Dichloroethene  was  detected  in  the  monitoring  well  within  the  production 
well  capture  zone.  Area  3,  5,  16,  and  18  groundwater  wells. 

1,1-Dichloroethene  (1,1-DCE)  is  rapidly  absorbed  after  oral  and  inhalation 
exposures  (EPA  1984,  1987).  Humans  acutely  exposed  to  1,1-DCE  vapors  exhibit 
central  nervous  system  depression.  In  animals,  the  liver  is  the  principal 
target  of  1,1-DCE  toxicity.  Acute  exposures  result  in  liver  damage  which 
ranges  from  fatty  infiltration  to  necrosis  (EPA  1987) .  Workers  chronically 
exposed  to  1,1-DCE  in  combination  with  other  vinyl  compounds  exhibit  liver 
dysfunction,  headaches,  vision  problems,  weakness,  fatigue  and  neurological 
sensory  disturbances  (EPA  1987).  Chronic  oral  administration  of  1,1-DCE  to 
experimental  animals  results  in  both  hepatic  and  renal  toxicity  (EPA  1984). 
Inhalation  or  oral  exposure  of  rats  and  rabbits  has  produced  fetotoxicity  and 
minor  skeletal  abnormalities,  but  only  at  maternally  toxic  doses.  1,1-DCE 
vapors  produced  kidney  tumors  and  leukemia  in  a  single  study  of  mice  exposed 
by  inhalation,  but  the  results  of  other  studies  were  equivocal  or  negative 
(EPA  1987,  Maltoni  et  al.  1985). 

EPA  has  classified  1,1-DCE  as  a  Group  C  agent  (Possible  Human  Carcinogen)  and 
has  developed  inhalation  and  oral  cancer  potency  factors  of  1.2  (mg/kg/day) 
and  0.6  (mg/kg/day)'^,  respectively  (EPA  1985,  1988).  The  inhalation  potency 
factor  was  based  on  the  increased  incidence  of  renal  adenocarcinomas  in  male 
mice  exposed  to  1,1-DCE  via  inhalation  for  52  weeks  and  observed  for  a  total 
of  121  weeks  (Maltoni  et  al.  1985).  The  oral  potency  factor  was  derived  by 
estimating  an  upper- limit  value  from  negative  bioassay  data  and  assuming  that 
a  carcinogenic  response  occurs  via  ingestion,  although  there  is  no  direct 
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evidence  that  this  is  true.  EPA  (1988)  developed  an  oral  reference  dose  (RfD) 
of  9x10'^  mg/kg/day  based  on  the  occurrence  of  hepatic  lesions  in  rats 
chronically  exposed  to  1,1-DCE  in  drinking  water  (Quest  et  al .  1983).  A 
safety  factor  of  1000  was  applied  to  the  lowest-observed-adverse-effecc  level 
(LOAEL)  of  9  rag/kg/day  to  derive  the  oral  RfD. 

trans-1 . 2-Dichloroethene 

crans -1, 2- Dichloroethene  was  detected  in  the  production  wells,  Area  2,  5,  8, 

16,  and  17  groundwater  wells  and  in  surface  water  in  the  Area  16  leachate 
seep. 

trans-1, 2- Dichloroethene  is  expected  to  be  absorbed  by  any  route  of  exposure. 
Information  on  the  health  effects  of  crans-l,2-dichloroethene  is  limited.  In 
humans,  crans-l,2-dichloroethene  is  a  central  nervous  system  depressant,  and 
exposure  to  high  concentrations  can  result  in  anesthetic  effects  (Irish  1963). 
Inhalation  exposure  of  rats  to  200  ppm  has  been  associated  with  pneumonic 
infiltration  of  the  lungs  and  progressive  fatty  degeneration  of  the  liver 
(Freundt  et  al.  1977).  Acute  exposure  to  higher  dose  levels  can  cause 
narcosis  and  death  in  rats  (Torkelson  and  Rowe  1981) . 

EPA  (1985)  proposed  a  maximum  contaminant  level  goal  (MCLG)  of  70  /ig/liter  for 
both  cis-  and  crans-l,2-dichloroethene  based  on  the  adjusted  acceptable  daily 
intake  (AADl)  of  350  Mg/liter,  assuming  20X  of  the  exposure  is  via  drinking 
water.  EPA  (1988)  has  derived  an  oral  reference  dose  (RfD)  of  2x10’^ 

™8/^8/*^y  crans- 1 , 2-dichloroechene  based  on  a  90 -day  drinking  water  study 
conducted  in  mice  (Barnes  et  al .  1985).  A  no-observed-adverse-effect  level 

t 

(NOAEL)  of  17  mg/kg/day  for  increased  serum  alkaline  phosphatase  and  an 
uncertainty  factor  of  1,000  were  used  to  derive  the  RfD. 
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1.2-Dichloropropane 


1 , 2-Dichloropropane  was  only  detected  in  Area  17  groundwater  wells. 

1 . 2 - Dichloropropane  is  absorbed  following  ingestion  and  inhalation  exposure. 
Adverse  effects  associated  with  acute  exposure  in  humans  have  included  CNS 
depression,  narcosis,  headache,  and  mucous  membrane  irritation.  In  animals, 
effects  associated  with  acute  exposure  have  included  histopathological  changes 
in  the  liver,  kidney,  and  adrenals.  Altered  serum  enzyme  activities  were  also 
reported  (EPA  1985).  Chronic  or  subchronic  exposure  of  experimental  animals 
to  1 , 2 -dichloropropane  has  been  associated  with  reduced  body  weight,  liver 
necrosis,  centrilobular  congestion,  altered  CNS  function,  and  altered  serum 
enzyme  activities  (EPA  1985).  DeLorenzo  et  al.  (1977)  reported  that 

1 . 2 - dichloropropane  induced  reverse  and  forward  mutations  in  some  test 
species.  The  compound  also  induced  sister  chromatid  exchanges  and  chromosomal 
aberrations  in  Chinese  hamster  ovary  cells  in  vitro  (NTP  1986). 

1 . 2 - Dichloropropane  caused  a  dose-related  increased  incidence  of 
hepatocellular  adenomas  in  rats  (NTP  1986). 

1 . 2- Dichloropropane  is  categorized  in  Group  B2--Probable  Human  Carcinogen  (EPA 
1989).  This  chemical  has  an  oral  cancer  potency  factor  of  6.8x10'^ 
(mg/kg/day)'^  based  on  an  increased  incidence  of  hepatocellular  adenomas  in 
mice  in  the  study  conducted  by  NTP  (1986)  (EPA  1989). 

1.3- DNB 

1.3- DNB  was  detected  in  the  monitoring  well  within  the  production  well  capture 

t 

zone.  Area  U,  6,  and  16  groundwater  wells. 

Absorption  of  the  dinitrobenzene  (DNB)  isomers  (1,2-DNB,  1,3-DNB,  and  1,4-DNB) 
have  not  been  well  characterized,  however  ready  absorption  through  the  skin  is 
a  major  factor  in  its  toxicity  (ACGIH  1986) .  Occupational  exposures  to  the 
DNB  isomers  have  been  associated  with  methemoglobinemia  and  respiratory  tract 
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irricacion.  Prolonged  exposures  of  humans  co  dinicrobenzene  may  result  in 
anemia,  liver  damage  and  cyanosis  (Beard  and  Noe  1981).  In  animals, 
subchronic  oral  exposures  have  resulted  in  retarded  growth,  decreased 
hemoglobin  concentrations,  splenic  enlargement  and  hemosiderin  deposits. 
Testicular  atrophy  and  decreased  spermatogenesis  have  also  been  observed  in 
male  rats  following  oral  exposures  (Cody  et  al.  1981). 

♦ 

EPA  1988  has  developed  an  oral  reference  dose  (RfD)  of  l.OxlO"''  mg/kg/ day  for 

1.3- DNB  based  on  a  subchronic  drinking  water  study  in  rats.  This  study 

•  identified  a  lowest-observed-effect-level  (LOEL)  of  8  ppm  for  increased 

splenic  weight  and  a  no-observed-effect-level  (NOAEL)  of  3  ppm 

(0.40  mg/kg/day)  (Cody  et  al .  1981).  The  RfD  was  calculated  using  the  NOAEL 

and  an  uncertainty  factor  of  3000. 

2.4  and  2.6  -  Dinitrotoluene 

Both  2,4-DNT  and  2,6-DNT  were  detected  in  the  monitoring  well  within  the 
production  well  capture  zone  and  in  Area  17  groundwater  wells.  2,4-DNT  was 
also  detected  in  Area  sediments  in  Ditch  A.  2,6-DNT  was  also  detected  in  Area 
2  groundwater  wells  and  in  Area  8  subsurface  soils. 

Dinitrotoluene  (ONT)  is  rapidly  absorbed  following  inhalation,  dermal  and  oral 
exposure,  and  once  absorbed,  is  distributed  throughout  the  body.  DNT 
undergoes  oxidative  and  reductive  metabolism  with  the  primary  sites  of 
metabolic  activity  in  the  liver  and  small  intestine  (Schut  et  al.  1982).  The 
blood,  liver,  and  neuromuscular  systems  are  the  primary  target  organs  for  DNT 
,  toxicity  in  both  humans  and  experimental  animals.  In  humans,  symptoms 

resulting  from  subchronic  and  chronic  exposures  to  DNT  include  cyanosis, 
dizziness,  headaches,  dyspnea  and  brown  urine  (Etnier  1987).  Long  term 
^  occupational  exposures  also  have  been  correlated  with  an  increase  in  ischemic 

heart  disease  (Levine  et  al.  1986).  In  rats,  chronic  exposure  to  mixtures  of 

2.4-  and  2,6-DNT  in  the  diet  has  been  reported  to  significantly  increase  the 
incidence  of  liver  tumors  (Ellis  et  al.  1979).  Bioassays  using  the  individual 
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isomers  indicate  chat  most  of  the  carcinogenicity  of  2 .4-DNT/2 ,6-DNT  mixtures 
can  be  attributed  to  the  2.6-isomer,  and  chat  pure  2,4-DNT  is  not  carcinogenic 
(Leonard  et  al.  1987).  These  data  are  not  conclusive,  however. 

EPA  (1988)  reported  an  oral  potency  factor  for  2,4-DNT  of  0.68  (mg/kg/day) . 
Etnier  (1987)  developed  an  oral  potency  factor  of  4.83  (mg/kg/day)  ^  for  2.6- 
DNT.  The  potency  factor  for  2,4-DNT  was  derived  based  on  Che  study  of  Ellis 
et  al.  (1979)  in  which  progressive  development  of  hepatocellular  carcinomas 
was  reported  in  male  and  female  Charles  River  CD  rats  following  exposure  doses 
of  35  and  45  mg/kg/day,  respectively,  for  more  chan  a  year.  The  potency 
factor  for  2,6-DNT  was  derived  using  Che  data  of  Leonard  et  al.  (1987)  which 
indicated  a  statistically  significant  increase  in  the  incidence  of 
hepatocarcinomas  in  male  Fischer  344  rats  fed  7  and  14  mg/kg/day  pure  2,6-DNT 
for  1  year. 

Di-n-butvl  ohthalace 

Di-n-butyl  phthalate  was  detected  only  in  sediments  in  the  Area  16  drainage 
ditch. 

Di-Q-butyl  phthalate  is  readily  absorbed  following  oral  and  inhalation 
exposure  (EPA  1980).  Acute  exposures  of  di-Q-butyl  phthalate  aerosol  in  mice 
have  produced  irritation  of  the  eyes  and  upper  respiratory  tract  mucous 
membranes.  Extreme  exposures  result  in  labored  breathing,  ataxia,  paresis, 
convulsions  and  death  from  paralysis  of  the  respiratory  system  (ACGIH  1986). 
Workers  chronically  exposed  to  di-Q-butyl  phthalate  in  combination  with  other 
phthalate  plasticizers  have  exhibited  pain,  numbness  and  spasms  in  the  upper 
and  lower  extremities.  Further  evaluation  revealed  vestibular  dysfunction  and 
polyneuritis  (ACGIH  1986).  Reduced  fetal  weight,  increased  numbers  of 
resorptions,  and  dose-related  musculoskeletal  abnormalities  have  been  observed 
among  fetuses  from  rats  and  mice  exposed  to  very  high  doses  of  di-n-butyl 
phthalate  during  gestation  (Shiota  and  Nishimura  1982). 
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EPA  (1988)  calculated  an  oral  reference  dose  (R£D)  for  di-Q-bucyl  phchalate 
baaed  on  a  study  by  Smith  (1933)  In  which  leale  Sprague -Dawley  rats  were  fed  a 
diet  containing  dibutyl  phthalate  for  a  period  of  1  year.  One-half  of  all 
rats  receiving  the  highest  dibutyl  phchalate  concentration  (1.25Z  of  diet,  or 
600  mg/kg/day)  died  during  the  first  week  of  exposure.  The  remaining  animals 
survived  the  study  with  no  apparent  adverse  effects.  Using  a  NOAEL  of 
*  125  mg/kg/day  (0.25X  dibutyl  phthalate  in  diet)  and  an  uncertainty  factor  of 

1,000.  an  oral  reference  dose  (RfD)  of  0.1  mgA8/‘i*y  derived;  a  LOAEL  of 
600  mg/kg/day  (1.25X  dibutyl  phthalate  in  diet)  was  observed  in  this  study. 

« 

Di-n-octvl  Phthalate 

Di-Q-octyl  phchalate  was  detected  in  the  monitoring  well  within  the  production 
well  capture  zone,  Area  1,  10,  and  16  groundwater  wells. 

Di-n-octyl  phthalate  is  not  especially  toxic.  It  is  a  severe  eye  and  a  mild 
skin  irritant  in  rabbits  (NIOSH  1985,  NTP/IRLG  1982,  EPA  1980).  Fetotoxicity 
and  developmental  abnormalities  were  observed  in  the  offspring  of  rats 
administered  5  g/kg  Intraperitoneal  injections  on  days  6  to  15  of  gestation 
(NTP/IRLG  1982,  EPA  1980). 

Ethylbenzene 

Ethylbenzene  was  detected  in  Area  17  groundwater  wells  and  in  surface  water  in 
the  Area  16  leachate  seep. 

■  Ethylbenzene  is  absorbed  via  inhalation  and  distributed  throughout  the  body  in 

rats;  the  highest  levels  were  detected  in  the  kidney,  lung,  adipose  tissue, 
digestive  tract,  and  liver  (Chin  et  al.  1980).  In  humans,  short-term 
*-  inhalation  exposure  to  435  sig/m’  ethylbenzene  for  8  hours  can  result  in 

sle^lness,  fatigue,  headache,  and  mild  eye  and  respiratory  Irritation 
(BardodoJ  and  Sardodejova  1970);  eye  irritation  has  also  been  observed  in 
experimental  animals  exposed  to  ethylbenzene  (EPA  1987) .  Increased  mights 


B*33 


and  cloudy  swelling  were  observed  in  the  liver  ^nd  kidney  of  rats  exposed  to 
ethylbenzene  by  stomach  cube  at  a  dose  of  408  mg/kg/day  for  182  days  (Wolf  ec 
al .  1956).  A  single  oral  dose  of  ethylbenzene  administered  by  stomach  cube  to 
male  and  female  Wistar-derived  rats  was  reported  to  have  an  LD50  of  3,500 
mg/kg  body  weight,  with  systemic  effects  occurring  primarily  in  the  liver  and 
kidney  (Wolf  et  al.  1956).  Maternal  toxicity  was  observed  in  rats  exposed  by 
inhalation  to  4,348  mg/m^  ethylbenzene  for  6-7  hours/day  during  the  first  19 
days  of  gestation  (Hardin  et  al.  1981). 

EPA  (1988)  derived  an  oral  reference  dose  of  0.1  mg/kg/day  for  ethylbenzene 
based  on  the  chronic  study  by  Wolf  et  al .  (1956)  in  which  no  liver  or  kidney 
effects  were  observed  in  rats  exposed  to  136  mg/kg/day.  An  uncertainty  factor 
of  1,000  was  applied  to  the  no-observed-effect- level  to  derive  the  reference 
dose . 

HMX 

HMX  was  detected  in  the  monitoring  well  within  the  production  well  capture 
zone,  Area  3,  4,  6,  7,  11,  12,  17  and  18  groundwater  wells  and  in  surface 
water  in  Ditch  A. 

HMX  is  absorbed  to  a  very  limited  extent  following  oral  exposure.  In  rats  and 
mice,  between  70  and  85%  of  the  administered  dose  was  eliminated  in  the  feces 
within  4  days  (Cameron  1986).  No  data  were  found  in  the  available  literature 
regarding  pulmonary  or  dermal  absorption. 

EPA  (1988)  developed  an  RfD  based  on  a  subchronic  study  in  which  groups  of  20 
male  and  20  female  Fischer  344  rats  received  HMX  in  the  diet  for  13  weeks 
(Everett  et  al.  1985).  Dietary  concentrations  corresponded  to  dosages  of  0, 
50,  150,  450,  1350  and  4000  mg/kg  bw  for  males  and  0,  50,  115,  270,  620  and 
1500  mg/kg  bw  for  th  eraales.  Histopathologic  changes  were  observed  in  the 
liver  of  males  at  the  three  highest  dose  levels,  and  in  the  kidneys  of  females 
in  the  three  highest  dose  groups,  indicating  sexual  differences  in  the  target 
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organ  responses  of  rats.  Based  on  these  results,  lowest-observed- adverse - 
effect  levels  (LOAEL)  of  150  and  270  mg/kg/day  and  no-observed-adverse-effect 
levels  (NOAEL)  of  50  and  115  mg/kg/day  were  identified  for  males  and  females, 
respectively.  The  RfD  of  0.05  mg/kg/day  was  derived  by  applying  an 
uncertainty  factor  of  1000  to  the  NOAEL  for  males. 


Lead  was  detected  in  groundwater  in  all  areas  except  the  residential  wells,  in 
surface  water  in  Area  13  and  16  drainage  ditches,  the  Area  16  leachate  seep, 
and  ditch  B,  in  sediments  in  all  areas  sampled,  in  Area  9  and  13  surface 
soils,  and  in  Area  8  and  15  subsurface  soils. 

Absorption  of  lead  from  the  gastrointestinal  tract  of  humans  is  estimated  at 
105;-152.  For  adult  humans,  the  deposition  rate  of  particulate  airborne  lead 
is  301-502,  and  essentially  all  of  the  lead  deposited  is  absorbed.  Lead  is 
stored  in  the  body  in  the  kidney,  liver  and  bone  (EPA  1984).  The  major 
adverse  effects  in  humans  caused  by  lead  include  alterations  in  the 
hematopoietic  and  nervous  systems.  The  toxic  effects  are  generally  related  to 
the  concentration  of  this  metal  in  blood.  Blood  concentration  levels  of  over 
80  /ig/dl  in  children  and  over  100  /ig/dl  in  sensitive  adults  can  cause  severe, 
irreversible  brain  damage,  encephalopathy,  and  possible  death.  Lower  blood 
concentrations  of  lead  (30-40  /ig/dl)  have  been  associated  in  humans  with 
altered  nerve  conduction,  altered  testicular  function,  renal  dysfunction,  and 
anemia.  Lead  exposure  also  has  been  associated  in  humans  with  spontaneous 
abortions,  premature  delivery,  and  early  membrane  rupture  in  humans;  however, 
reliable  exposure  estimates  are  lacking  in  these  cases.  Decreased  fertility, 
fetotoxic  effects,  and  skeletal  malformations  have  been  observed  in 
experimental  animals  exposed  to  lead  (EPA  1984) .  Chronic  oral  ingestion  of 
certain  lead  salts  (lead  acetate,  lead  phosphate,  lead  subacetate)  has  been 
associated  in  experimental  animals  with  increased  renal  tumors.  Doses  of  lead 
that  induced  kidney  tumors  were  high  and  were  beyond  the  lethal  dose  in  humans 
(EPA  1985). 
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EPA  classified  certain  lead  salts  in  Group  B2- -Probable  Human  Carcinogen  (EPA 
1985),  although  no  cancer  potency  factor  has  been  established  (EPA  1988). 

This  category  applies  to  those  agents  for  which  there  is  sufficient  evidence 
of  carcinogenicity  in  animals  and  inadequate  evidence  of  carcinogenicity  in 
humans.  EPA  (1985)  has  noted  that  the  available  data  provide  an  insufficient 

*  basis  on  which  to  regulate  lead  acetate,  phosphate  and  subacetate  as  human 
carcinogens.  EPA  (1988)  has  also  considered  it  inappropriate  to  develop  a 
reference  dose  (RfD)  for  inorganic  lead  and  lead  compounds,  since  many  of  the 

•  health  effects  associated  with  lead  intake  occur  essentially  without  a 
threshold. 

Mercury 

Mercury  was  detected  in  the  Area  13  drainage  ditch  surface  waters  and 
sediments,  in  ditch  B  sediments,  in  Area  9  surface  soils,  and  in  Area  8  and  9 
subsurface  soils. 

In  humans,  inorganic  mercury  is  absorbed  following  inhalation  and  oral 
exposure,  however  only  7%  to  15%  of  administered  inorganic  mercury  is  absorbed 
following  oral  exposure  (EPA  1984,  Rahola  et  al ,  1971,  Task  Group  on  Metal 
Accumulation  1973).  Organic  mercury  is  almost  completely  absorbed  from  the 
gastrointestinal  tract  and  is  assumed  to  be  well  absorbed  via  inhalation  in 
humans  (EPA  1984).  A  primary  target  organ  for  inorganic  compounds  is  the 
kidney.  Acute  and  chronic  exposures  of  humans  to  inorganic  mercury  compounds 
have  been  associated  with  anuria,  polyuria,  proteinuria,  and  renal  lesions 

,  (Hammond  and  Beliles  1980) .  Chronic  occupational  exposure  of  workers  to 

elemental  mercury  vapors  (0.1  to  0.2  mg/m^)  has  been  associated  with  mental 
disturbances,  tremors,  and  gingivitis  (EPA  1984).  Animals  exposed  to 

,  inorganic  mercury  for  12  weeks  have  exhibited  proteinuria,  nephrotic  syndrome 

and  renal  disease  (Druet  et  al.  1978).  Rats  chronically  administered 
inorganic  mercury  (as  mercuric  acetate)  in  their  diet  have  exhibited  decreased 
body  weights  and  significantly  increased  kidney  weights  (Fitzhugh  et  al . 
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1950).  The  central  nervous  system  is  a  major  target  for  organic  mc'cury 
compounds.  Adverse  effects  in  humans,  resulting  from  subchronic  and  chronic 
oral  exposures  to  organic  mercury  compounds  have  included  destruction  of 
cortical  cerebral  neurons,  damage  to  Purkinje  cells,  and  lesions  of  the 
cerebellum.  Clinical  symptoms  following  exposure  to  organic  mercury  compounds 
have  included  paresthesia,  loss  of  sensation  in  extremities,  ataxia,  and 
hearing  and  visual  impairment  (WHO  1976)  .  Embryotoxic  and  teratogenic 
effects,  including  malformations  of  the  skeletal  and  genitourinary  systems, 
have  been  observed  in  animals  exposed  orally  to  organic  mercury  (EPA  1984). 
Both  organic  and  inorganic  compounds  are  reported  to  be  genotoxic  in 
eukaryotic  systems  (Leonard  et  al.  1984). 

EPA  (1989)  has  reported  an  oral  RfD  for  methyl  mercury  of  3xl0"‘  mg/kg/day 
based  on  studies  investigating  central  nervous  system  effects  in  humans 
exposed  to  mercury  (EPA  1980);  an  uncertainty  factor  of  10  was  used  to  develop 
the  RfD.  EPA  (1989)  has  also  reported  an  oral  reference  dose  of 
3x10'“  mg/kg/day  for  inorganic  mercury  based  on  a  chronic  rat  study  in  which 
kidney  effects  were  observed  (Fitzhugh  et  al.  1950).  An  uncertainty  factor  of 
1,000  was  used  to  derive  the  RfD. 

Methylene  chloride 

Methylene  chloride  was  detected  in  Area  5,  7,  and  17  groundwater  wells. 

Methylene  chloride  is  absorbed  following  oral  and  inhalation  exposure.  The 
amount  of  airborne  methylene  chloride  absorbed  following  inhalation  exposure 
increases  in  direct  proportion  to  its  concentration  in  inspired  air,  the  dura¬ 
tion  of  exposure,  and  physical  activity.  Dermal  absorption  has  not  been 
accurately  measured  (EPA  1988).  Acute  human  exposure  to  methylene  chloride 
may  result  in  irritation  of  eyes,  skin,  and  respiratory  tract;  central  nervous 
system  depression;  elevated  carboxyhemoglobin  levels;  and  circulatory 
disorders  that  may  be  fatal.  Chronic  exposure  of  animals  can  produce  renal 
and  hepatic  toxicity  (EPA  1938).  Methylene  chloride  is  mutagenic  for 
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Salmonella  cyphimurium  and  produces  mitotic  recombination  in  yeast  (EPA  1988) . 
Several  inhalation  studies  conducted  in  animals  provide  clear  evidence  of 
methylene  chloride's  carcinogenicity.  There  is  only  suggestive  evidence  in 
experimental  animals  chat  hepatocellular  carcinomas  and  neoplastic  nodules 
arise  from  oral  exposure  (FPA  1985a, b). 

EPA  (1989)  classified  methylene  chloride  in  Group  B2--Probable  Human  Carcino¬ 
gen.  It  has  been  concluded  by  EPA  (1985b)  that  the  induction  of  distant  sice 
tumors  from  inhalation  exposure  and  the  borderline  significance  for  induction 
of  tumors  in  a  drinking  water  study  are  an  adequate  basis  for  concluding  chat 
methylene  chloride  be  considered  a  probable  human  carcinogen  via  ingestion  as 
well  as  inhalation.  EPA  (1989)  derived  an  inhalation  cancer  potency  factor  of 
1.4x10'^  (mg/kg/day ) "^  based  on  the  results  of  a  National  Toxicology  Program 
(NTP)  inhalation  bioassay  conducted  in  rats  and  mice  (NTP  1986).  Mammary  tu¬ 
mors  were  noted  in  rats,  while  lung  and  liver  tumors  were  observed  in  mice.  . 
EPA  (1988)  determined  an  oral  cancer  potency  factor  of  7.5x10’^  (mg/kg/day ) '^ 
based  on  the  results  of  Che  NTP  (1986)  inhalation  bioassay  and  on  an  ingestion 
bioassay  conducted  by  the  National  Coffee  Association  (NCA  1983).  In  the  NCA 
study,  hepatocellular  adenomas  and/or  carcinomas  were  observed  in  male  mice. 

An  oral  reference  dose  (RfD)  of  0.06  mg/kg/day  has  been  developed  by  EPA 
(1989)  based  on  a  2-year  rat  drinking  water  bioassay  (NCA  1982)  that 
identified  no-observed-ef feet  levels  (NOELs)  of  5.85  and  6.47  mg/kg/day  for 
male  and  female  rats,  respectively.  Liver  toxicity  was  observed  at  doses  of 
52.58  and  58.32  mg/kg/day  for  males  and  females,  respectively.  An  uncertainty 
factor  of  100  was  used  to  derive  Che  RfD. 

Nickel 

Nickel  was  detected  in  all  areas  where  groundwater  leachate  seep  and  drainage 
ditch,  ditches  A  and  B,  and  the  big  ditch,  and  in  sediments  in  the  Area  13 
drainage  ditch  and  the  big  ditch. 
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Nickel  compounds  can  be  absorbed  following  inhalation,  ingestion,  or  dermal 
exposure.  The  amount  absorbed  depends  on  the  dose  administered  and  the 
chemical  and  physical  form  of  the  particular  nickel  compound  (EPA  1986). 

Dermal  exposure  of  humans  to  nickel  produces  allergic  contact  dermatitis  (EPA 
1986) .  Adverse  effects  associated  with  acute  exposure  in  animals  have 
included  depressed  weight  gain,  altered  hematological  parameters,  and 
increased  iron  deposition  in  blood,  heart,  liver,  and  testes  (EPA  1987). 
Chronic  or  subchronic  exposure  of  experimental  animals  to  nickel  has  been 
associated  with  reduced  weight  gain,  degenerative  lesions  of  the  male 
reproductive  tract,  asthma,  nasal  septal  perforations,  rhinitis,  sinusitis, 
hyperglycemia,  decreased  prolactin  levels,  decreased  iodine  uptake,  and 
vasoconstriction  of  the  coronary  vessels  (EPA  1986) .  Teratogenic  and 
fetotoxic  effects  have  been  observed  in  the  offspring  of  exposed  animals  (EPA 
1986).  Inhalation  exposure  of  experimental  animals  to  nickel  carbonyl  or 
nickel  subsulfide  induces  pulmonary  tumors  (EPA  1986) .  Several  nickel  salts 
cause  localized  tumors  when  administered  by  subcutaneous  injection  or 
implantation.  Epidemiological  evidence  indicates  that  inhalation  of  nickel 
refinery  dust  and  nickel  subsulfide  is  associated  with  cancers  of  the  nasal 
cavity,  lung,  larynx,  kidney,  and  prostate  (EPA  1986). 

Nickel  refinery  dust  and  nickel  subsulfide  are  both  categorized  in  Group 
A- -Human  Carcinogens.  These  classifications  are  based  on  an  increase 
incidence  of  lung  and  nasal  tumors  observed  in  workers  occupationally  exposed 
to  nickel  refinery  dust.  These  materials  have  inhalation  cancer  potency 
factors  of  0.84  (mg/kg/day) and  1.7  (mg/kg/day)'^,  respectively  (EPA  1988). 
Nickel  carbonyl  is  categorized  in  Group  B2-- Probable  Human  Carcinogen; 
however,  a  potency  factor  has  not  been  derived  for  nickel  carbonyl  (EPA  1988). 
EPA  (1988)  derived  an  oral  reference  dose  (RfD)  for  nickel  of  2x10'^  mg/kg/day 
based  on  a  study  by  Ambrose  et  al.  (1976)  in  which  rats  administered  5 
mg/kg/day  (NOAEL)  nickel  In  the  diet  for  2  years  did  rot  experience  decreased 
weight  gain  observed  in  animals  administered  50  mg/k/gday  (LOAEL) .  A  safety 
factor  of  300  was  used  to  calculate  the  RfD. 
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Nitrobenzene 


Nitrobenzene  was  detected  only  in  Area  16  groundwater  wells. 

Nitrobenzene  is  absorbed  by  all  possible  routes,  but  absorption  primarily 
occurs  through  the  respiratory  tract  and  skin  (EPA  1980);  approximately  SOX  of 
inhaled  nitrobenzene  is  absorbed  (EPA  1980).  In  humans  long-term  occupational 
exposure  to  nitrobenzene  can  result  in  cyanosis,  methemoglobinemia,  jaundice, 
anemia,  sulfhemoglobinemia,  and  dark  urine  (EPA  1980).  Short-term  exposure  to 
high  levels  of  nitrobenzene  can  result  in  cyanosis,  and  if  severe,  the 
individual  can  go  into  a  coma  (Piotrowski  1967).  Hematologic,  adrenal,  renal, 
and  hepatic  lesions  have  been  reported  in  rats  and  mice  exposed  to 
nitrobenzene  in  air  for  90  days  (CUT  1984)  .  There  is  also  limited  evidence 
that  exposure  to  nitrobenzene  can  result  in  changes  in  the  tissues  of  the 
chorion  and  placenta  in  pregnant  women  (Dorigan  and  Hushon  1976) ;  menstrual 
disturbances  after  chronic  nitrobenzene  exposure  have  also  been  reported  (EPA 
1980) . 

EPA  (1988a)  developed  an  inhalation  RfD  for  nitrobenzene  of  bxlO'"  mg/kg/day 
based  on  a  study  in  which  hematological,  adrenal,  renal,  and  hepatic  lesions 
were  observed  in  mice  following  inhalation  exposure  to  nitrobenzene  (CUT 
1984)  and  using  an  uncertainty  factor  of  10,000.  EPA  (1988b)  also  developed 
an  oral  RfD  for  nitrobenzene  of  SxlO'*’  mg/kg/day  based  on  the  CUT  study  based 
on  route- to- route  extrapolation  and  using  an  uncertainty  factor  of  10,000 
(EPA  1988)  . 

N-nitrosodiohenvlamine 

N-nitrosodiphenylamine  was  detected  in  the  monitoring  well  within  the 
production  well  capture  zone,  Area  8  and  12  groundwater  wells. 

N-Nitrosodiphenylamine  (NDPA)  is  absorbed  following  ingestion.  In  rats  NDPA 
can  cross  the  placenta  (EPA  1980) .  Its  acute  oral  toxicity  in  rats  is  very 
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low  (Druckrey  et  al.  1967).  In  subchronic  feeding  studies  conducted  in  rats, 
weight  reduction  was  reported.  Trace  amounts  of  pigmentation  were  observed  in 
hepatic  Kupffer  cells  of  male  mice  (NCI  1979) .  When  NDPA  was  administered  to 
rats  late  in  pregnancy,  neoplasms  were  induced  in  the  offspring  (EPA  1980). 
Significant  increases  in  the  incidence  of  urinary  bladder  carcinomas  in  male 
and  female  rats  were  reported.  A  dose  related  trend  in  fibromas  of  the 
subcutis  and  skin  among  male  rats  was  also  observed  (NCI  1979)  . 

NDPA  by  ingestion  is  categorized  in  Group  B2--Probable  Human  Carcinogen.  This 
compound  has  an  oral  cancer  potency  factor  of  4.9x10'^  (mg/kg/ day )'^  (EPA 
1988) .  This  value  was  based  on  an  increased  incidence  of  bladder  tumors  in 
male  and  female  rats  (NCI  1979)  . 

Noncarcinoeenic  PAHs 

Noncarcinogenic  PAHs  were  detected  in  Area  1  groundwater  wells  and  in 
sediments  in  the  Area  13  drainage  ditch,  the  Area  16  drainage  ditch,  the  pond 
and  Ditch  B. 

Polycyclic  aromatic  hydrocarbons  (PAHs)  occur  in  the  environment  as  complex 
mixtures  of  which  only  a  few  components  have  been  adequately  characterized. 
Only  limited  information  is  available  on  the  relative  potencies  of  the 
"noncarcinogenic"  PAHs.  However,  many  have  been  shown  to  have  some  weak 
carcinogenic  activity,  or  to  act  as  promoters  or  cocarcinogens. 

PAH  absorption  following  oral  and  inhalation  exposure  is  inferred  from  the 
demonstrated  toxicity  of  PAHs  following  these  routes  of  administration  (EPA 
1984a).  PAHs  are  also  absorbed  following  dermal  exposure  (Kao  et  al.  1985). 
Acute  effects  from  direct  contact  with  PAHs  and  related  materials  are  limited 
primarily  to  phototoxicity;  the  primary  effect  is  dermatitis  (NIOSH  1977). 

PAHs  have  also  been  shown  to  cause  cytotoxicity  in  rapidly  proliferating  cells 
throughout  the  body;  the  hematopoietic  system,  lymphoid  system,  and  testes  are 
frequent  targets  (Santodonato  et  al.  1981).  Some  of  the  noncarcinogenic  PAHs 
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have  been  shown  Co  cause  syscenlc  Coxieicy  buc  these  effects  are  generally 
seen  at  high  doses  (Santodonaco  ec  al.  1981).  Slight  morphological  changes  in 
Che  liver  and  kidney  of  rats  have  been  reported  following  oral  exposure  to 
acenaphchene  for  40  days  (EPA  1984a).  Subchronic  oral  adnlnistration  of 
naphthalene  to  rabbits  and  rats  has  resulted  in  cataract  formation  (EPA 
1984b).  EPA  (1988)  developed  an  oral  reference  dose  of  0.4  mg/kg/day  for 
naphthalene  based  on  the  development  of  ocular  and  systemic  lesions  in  rats 
(Schmahl  1955,  EPA  1986)  and  occupational  data  on  coke  oven  workers.  An 
uncertainty  factor  of  100  was  applied  to  the  animal  data  in  the  development  of 
the  reference  dose. 

Phenol  was  detected  only  in  surface  water  in  the  Area  16  leachate  seep. 

Phenol  is  readily  absorbed  through  the  gut,  by  inhalation,  and  percutaneous ly 
(EPA  1980).  Signs  of  acute  phenol  toxicity  in  humans  and  experimental  animals 
are  central  nervous  system  depression,  collapse,  coma,  cardiac  arrest,  and 
death.  Acutely  toxic  doses  can  also  cause  extensive  necrosis  at  the  sice  of 
exposure  (eyes,  skin,  oropharynx)  (EPA  1980).  In  experimental  animals 
subchronic  oral  and  inhalation  studies  suggest  that  kidney,  pulmonary, 
myocardial,  and  liver  damage  are  associated  with  exposure,  although  many  of 
these  studies  were  poorly  designed  (EPA  1980,  1984).  Phenol  exhibited 
tumor-promoting  activity  in  the  mouse  skin  painting  system  following 
initiation  with  9, 10-dimethy.l-l, 2-benzanthracene  (OMBA)  or  benzo[ a] pyrene 
(B[a]P),  and  it  exhibited  cutaneous  carcinogenic  activity  in  a  sensitive  mouse 
strain  when  applied  at  concentrations  that  produced  repeated  skin  damage  (EPA 
1980) . 

The  oral  RfD  calculated  by  EPA  (1988)  has  been  withdrawn  and  is  pending 
further  review.  An  inhalation  acceptable  intake  chronic  (AIC)  of  1.4 
i^^person/day  (0.02  mg/kg/day)  was  recommended  by  EPA  (1984)  based  on  the 
threshold  limit  value  of  19  mg/w^  phenol  established  by  the  American 


Conference  of  Governmental  Industrial  Hygienists  (ACGIH  1983).  EPA  has  not 
yet  established  an  inhalation  RfD  (EPA  1988). 

RDX 

RDX  was  detected  in  all  groundwater  wells  except  the  production  wells  and  the 
residential  well. 

RDX  is  slowly  absorbed  in  humans  and  laboratory  animals  following  oral  and 
inhalation  exposures  (Etnier  1986).  No  data  are  available  regarding  dermal 
absorption,  but  because  RDX  is  relatively  lipid  insoluble,  skin  absorption  is 
unlikely  (Rosenblatt  1980).  In  humans,  the  toxic  effects  of  RDX  have  been  on 
the  central  nervous  system  (CNS).  Chronic  exposures  in  humans  have  been 
associated  with  generalized  convulsions  and  unconsciousness,  followed  by 
temporary  amnesia  and  disorientation  (Stokinger  et  al .  1982).  In  animals, 
hepatotoxicity ,  anemia,  and  testicular  and  urogenital  lesions  have  been 
reported  following  chronic  exposures,  in  addition  to  CNS  effects  (Levine  et 
al.  1983). 

No  conclusive  evidence  of  carcinogenicity  has  been  shown  for  RDX.  RDX  was  not 
found  to  be  carcinogenic  in  Fisher  344  rats  (Levine  et  al.  1983)  or  Sparague- 
Dawley  rats  (Hart  1977)  exposed  to  RDX  in  the  diet  for  2  years.  However,  Lish 
et  al.  (1984)  reported  a  statistically  significant  increase  in  the  combined 
incidence  of  hepatocellular  carcinomas  and  adenomas  in  female  B6C3F1  mice  fed 
RDX  in  the  diet  for  two  years . 

EPA  (1988)  derived  a  reference  dose  (RfD)  of  0.003  rag/kg/day  for  RDX  based  on 
a  chronic  study  in  which  male  and  female  Fischer  rats  received  RDX  in  the  diet 
for  24  months  at  dosages  of  0,  0.3,  1.5,  8.0,  or  40  mg/kg  bw/day  (Levine  et 
al.  1983).  Rats  in  the  three  highest  dose  groups  experienced  statistically 
significant  increases  in  mortality,  anemia  with  secondary  splenic  lesions, 
hepatotoxicity,  cataracts,  and  urogenital  lesions.  A  lowest -observed- adverse - 
effect  level  (LOEAL)  of  1.5  mg/kg/day  was  identified  based  on  suppurative 
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inflammation  of  the  prostate.  The  no-observed-adverse-effect- level  (NOAEL) 
was  0 . 3  mg/kg/day . 

EPA  (1989)  has  classified  RDX  in  Group  C  --  possible  human  carcinogen  and  has 
developed  an  oral  potency  factor  *of  0.11  (mg/kg/day)'^.  The  potency  factor 
was  based  on  the  increased  incidence  of  combined  hepatocellular  carcinomas  and 
adenomas  in  female  mice  receiving  RDX  in  the  diet  for  two  years  at  doses  of  7, 
35  or  100  mg/kg. 

Selenium 

Selenium  was  detected  in  the  monitoring  well  within  the  production  well 
capture  zone,  Areas  1,  2,  and  7  groundwater  wells,  in  ditch  B  surface  waters, 
and  in  Area  9  surface  soils. 

Results  of  studies  with  humans  and  experimental  animals  indicate  that  certain 
selenium  compounds  are  readily  absorbed  from  the  gastrointestinal  tract 
following  oral  exposure  (EPA  1984).  The  pulmonary  absorption  of  selenium 
following  inhalation  exposure  has  not  been  well  studied,  although  there  are 
reports  suggesting  that  selenium  is  absorbed  to  some  extent  by  this  route  (EPA 
1984).  Selenium  is  an  essential  element  and  therefore  is  nontoxic  at  doses 
necessary  for  normal  health  and  nutrition.  NAS  (1980)  reported  chat  an 
adeqtaate  and  safe  selenium  intake  for  an  adult  human  ranges  from  0.05  mg/ day 
to  0.2  mg/day.  However,  exposure  to  selenium  at  levels  that  exceed  these 
standards  has  been  associated  with  adverse  health  effects.  Such  effects 
observed  in  experimental  animals  following  subchronic  or  chronic  oral  exposure 
to  various  selenium  compounds  have  included  anemia,  reduced  growth,  increased 
mortality,  and  lesions  of  the  liver,  heart,  kidney,  and  spleen  (EPA  1984).  In 
humans,  chronic  oral  exposure  to  selenium  has  been  associated  with  alopecia, 
dermatitis,  discoloration  of  the  skin,  loss  of  fingernails,  muscular 
dysfunction,  convulsions,  paralysis,  and  increased  incidences  of  dental  caries 
(EPA  1984).  Headaches  and  respiratory  irritation  have  been  noted  in  humans 
following  acute  inhalation  exposure  (EPA  1984) .  Studies  with  a  variety  of 
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animals  have  suggested  that  selenium  may  be  teratogenic;  however,  these 
studies  are  limited  in  that  exposure  levels  are  not  well  characterized  (EPA 
1984)  . 

Oral  and  inhalation  reference  doses  (RfD)  of  3.0x10'^  mg/kg/day  and  l.OxlO'" 
nig/l^g/day,  respectively,  have  been  derived  by  EPA  (1984,  1988).  The  oral  RfD 
value  was  based  on  a  study  by  Yang  et  al.  (1983)  in  which  humans  exposed  to 
selenium  in  the  diet  at  doses  of  3.2  mg/day  developed  loss  of  hair,  loss  of 
fingernails,  dermatitis,  and  muscular  dysfunction.  By  applying  an  uncertainty 
factor  of  15  and  a  LOAEL  of  3.2  mg/day,  EPA  (1984)  determined  the  oral  RfD 
value  of  3x10'^  mg/kg/day.  The  oral  RfD  is  currently  under  review  by  the  oral 
RfD  Work  Group  at  EPA  (1988).  The  inhalation  RfD  value  was  based  on  an 
occupational  study  by  Glover  (1967)  in  which  workers  exposed  to  airborne 
concentrations  of  selenium  developed  dermatitis  and  gastrointestinal 
disturbances.  An  uncertainty  factor  of  10  was  used  to  determine  the 
inhalation  RfD  (EPA  1988). 

Silver 

Silver  was  detected  in  all  areas  except  Area  14  and  the  residential  well.  It 
was  also  detected  in  surface  waters  in  the  Area  16  leachate  seep. 

Silver  in  various  forms  is  absorbed  to  a  limited  extent  following  oral  and 
inhalation  exposures  (EPA  1985).  The  acute  toxic  effects  in  humans  following 
oral  exposure  to  silver  include  corrosive  damage  to  the  GI  tract  leading  to 
shock,  convulsions,  and  death.  In  animals,  acute  exposure  has  been  shown  to 
affect  the  central  nervous  system  and  to  cause  respiratory  paralysis  (Hill  and 
Pillsbury  1939) .  The  primary  effect  of  silver  in  humans  following  chronic 
exposures,  is  argyria,  a  permanent  bluish-metallic  discoloration  of  the  skin 
and  mucous  membranes,  which  can  be  either  localized  or  generalized.  Silver 
also  accumulates  in  the  blood  vessels  and  connective  tissue  (EPA  1985) . 
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EPA  (1988)  derived  an  oral  reference  dose  (RfD)  of  3.0x10'^  mg/kg/day  for 
silver  based  on  the  human  case  reports  of  Gaul  and  Staud  (1935),  Blumberg  and 
Carey  (1934),  and  East  et  al.  (1980).  In  these  studies,  argyria  was  observed 
at  an  average  dose  of  silver  of  0.0052  mg/kg/day,  to  which  an  uncertaintv 
factor  of  2  was  applied. 

Tetrachloroethene 

Tetrachloroethene  was  detected  in  the  monitoring  well  within  the  production 
well  capture  zone,  Area  7,  16,  and  17  wells,  and  the  residential  well.  It  was 
also  seen  in  surface  water  in  the  Area  16  leachate  seep.  Tetryl  was  detected 
in  the  monitoring  well  capture  zone  and  Area  12  and  17  groundwater  wells. 

Iet£yl 

Tetryl  was  detected  in  the  monitoring  well  within  Che  production  well  capture 
zone  and  Area  12  and  17  groundwater  wells. 

Information  on  the  toxicity  of  tetryl  is  sparse.  It  has  been  shown  to  be 
mutagenic  in  DNA  repair  assays  (McGregor  et  al.  1980).  In  occupational 
situations  it  has  been  shown  to  be  a  skin  sensitizer  following  air  exposures 
and  a  TLV  of  1.5  mg/m3  has  been  recommended  for  tetryl  (ACGIH  1988).  An  oral 
reference  dose  can  be  derived  from  the  TLVs  by  assuming  complete  absorption  of 
a  chemical  by  both  inhalation  and  ingestion,  an  inhalation  volume  of  10  m^  per 
eight -hour  work  day,  and  a  5  day  work  week.  In  addition,  a  safety  factor  of 
100  is  applied  to  the  TLV  to  account  for  sensitive  members  of  the  population 
and  for  the  use  of  an  exposure  level  that  is  higher  than  a  no-effect  level  in 
deriving  the  RfD.  (See  Layton  et  al.  1986  for  a  more  complete  discussion  of 
this  methodology.)  Using  this  approach,  an  RfD  of  0.0015  mg/kg/day  is 
derived. 
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Toluene 


Toluene  was  detected  in  Area  17  groundwater  wells  and  the  residential  well  and 
in  surface  water  in  the  Area  16  leachate  seep. 

Toluene  is  absorbed  in  humans  following  both  inhalation  and  dermal  exposure 
(EPA  1985).  In  humans,  the  primary  acute  effects  of  toluene  vapor  are  central 
nervous  system  (CNS)  depression  and  narcosis.  These  effects  occur  at 
•  concentrations  of  '  200  ppm  (754  mg/m^)  (von  Oettingen  et  al.  1942a, b).  In 

experimental  animals,  acute  oral  and  inhalation  exposures  to  toluene  can 
result  in  central  nervous  system  (CNS)  depression  and  lesions  of  the  lungs, 
liver,  and  kidneys  (EPA  1987).  The  earliest  observable  sign  of  acute  oral 
toxicity  in  animals  is  depression  of  the  CNS,  which  becomes  evident  at 
approximately  2,000  mg/kg  (Kimura  et  al.  1971).  In  humans,  chronic  exposure 
to  toluene  vapors  at  concentrations  of  approximately  200  and  800  ppm  has  been 
associated  with  CNS  and  peripheral  nervous  system  effects,  hepatomegaly,  and 
hepatic  and  renal  function  changes  (EPA  1987).  Toxic  effects  following 
prolonged  exposure  of  experimental  animals  to  toluene  are  similar  to  those 
seen  following  acute  exposure  (Hanninen  et  al.  1976,  von  Oettingen  et  al. 
1942a) .  A  dose-related  reduction  in  hematocrit  values  was  observed  in  rats 
chronically  exposed  to  toluene  (CUT  1980)  .  There  is  some  evidence  in  mice 
that  oral  exposure  to  greater  chan  0.3  ml/kg  toluene  during  gestation  results 
in  embryotoxicity  (Nawrot  and  Staples  1979) .  Inhalation  exposure  of  up  to 
1,000  mg/m^  by  pregnant  rats  during  gestation  has  been  associated  with 
significant  increases  in  skeletal  retardation  (Hudak  and  Ungvary  1978) . 

EPA  (1988a)  has  derived  an  oral  risk  reference  dose  (RfD)  of  0.3  mg/kg/day  for 
toluene  based  on  a  24-monch  inhalation  study  in  which  rats  were  exposed  to 
concentrations  as  high  as  300  ppm  (29  mg/kg/day)  and  hematological  parameters 
were  examined  (CUT  1980).  No  adverse  effects  were  observed  in  any  of  the 
treated  animals.  Using  a  no-observed-adverse-effect  level  (NOAEL)  of 
29  mg/kg/day  and  an  uncertainty  factor  of  100,  the  oral  RfD  was  derived.  EPA 
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(1988b)  reported  an  inhalation  RfD  for  toluene  of  1.0  rag/kg/day  also  based  on 
this  CUT  study  in  which  CNS  effects  were  noted  and  an  uncertainty  factor  of 
100  was  used. 

1.1. 1- Trichloroethane 

1 . 1 . 1- Trichloroethane  was  detected  in  Area  1,  5,  and  17  groundwater  wells. 

Like  other  chlorinated  aliphatic  hydrocarbons,  1 , 1 , 1- trichloroethane 
(1,1,1-TCA,  methyl  chloroform)  is  rapidly  and  completely  absorbed  following 
both  the  oral  and  inhalation  exposure.  Pulmonary  absorption  is  initially 
large  and  gradually  decreases  to  a  steady-state  condition.  Absorption  through 
the  skin  is  slow.  1,1,1-TCA  distributes  throughout  the  body  and  readily 
crosses  the  blood-brain  barrier  (EPA  1984).  The  most  notable  toxic  effects  of 

1.1.1- TCA  inhalation  exposure  in  humans  and  animals  are  central  nervous  system 
depression,  including  anesthesia  at  very  high  concentrations,  and  impairment 
of  coordination,  equilibrium,  and  judgment  at  lower  concentrations  (350  ppm 
and  above).  In  both  humans  and  animals,  cardiovascular  effects,  including 
premature  ventricular  contractions,  decreased  blood  pressure,  and 
sensitization  to  epinephrine -induced  arrhythmia  can  result  from  acute  exposure 
to  high  concentrations  of  1,1,1-TCA  vapor  (EPA  1985).  Fatty  liver  changes 
have  been  reported  in  guinea  pigs  following  subchronic  inhalation  exposure 
(Torkelson  et  al.  1958).  NTP  (1984)  reported  preliminary  results  of  bioassays 
in  rats  and  mice  indicating  that  oral  administration  of  1,1,1-TCA  increases 
the  incidence  of  hepatocellular  carcinomas  in  female  mice  but  not  for  male 
rats.  This  study  was  inadequate  to  evaluate  the  carcinogenicity  of  1,1,1-TCA 
in  female  rats  and  male  mice. 

EPA  (1988a)  calculated  an  oral  reference  dose  (RfD)  for  1, 1 , 1- trichloroethane 
based  on  an  inhalation  study  by  Torkelson  et  al.  (1958)  in  which  rats, 
rabbits,  guinea  pigs  and  monkeys  were  exposed  to  1,1,1-TCA  vapor.  A  no- 
observed-adverse-effect  (NOAEL)  of  500  ppm  (2,730  mg/m^ ,  or  90  mg/kg/day)  was 
identified  from  this  study.  Using  the  NOAEL  of  90  mg/kg/day  and  an 
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uncertainty  factor  of  1,000,  a  RfD  of  9x10’^  mg/kg/day  was  derived.  An 
inhalation  RfD  of  0.3  mg/kg/day  for  1,1,1-TCA  also  has  been  determined  by  EPA 
(1988b)  based  on  this  sajne  study,  in  which  hepatotoxicity  was  observed  in 
guinea  pigs.  An  uncertainty  factor  of  1,000  was  used  in  calculating  the  RfD. 

1.1. 2- Trichloe thane 

1 . 1 . 2 - Trichloroethane  was  detected  in  Area  16  and  17  groundwater  wells. 

1 . 1 . 2- Trichloroethane  (1,1,2-TCA)  is  rapidly  absorbed  from  oral,  inhalation 
and  dermal  exposures  (Torkelson  and  Rowe  1981,  Arena  1979).  In  humans,  acute 
oral  and  inhalation  exposures  to  1,1.2-TCA  result  in  central  nervous  system 
(CNS)  depression,  equilibrium  disturbances,  vertigo,  headaches,  lassitude, 
hypotension,  anesthesia  and  coma  (Arena  1979).  Acute  oral  and  inhalation 
administration  to  animals  produces  liver  and  kidney  damage,  irritation  to  the 
eyes  and  nose,  CNS  depression,  and  death  due  to  respiratory  arrest  I'ACGIH 
1986,  Torkelson  and  Rowe  1981).  In  dogs  the  hepatotoxic  effects  include 
hepatocyce  vacuolation,  enzyme  induction,  fatty  degeneration  and  necrosis  (NRC 
1977,  Torkelson  and  Rowe  1981).  The  hepatoxicity  and  nephrotoxicity  of  1,1.2- 
TCA  has  been  found  to  be  potentiated  by  pretreatment  with  certain  halogenated 
organic  compounds  and  solvents.  Dermal  exposures  result  in  irritation  and 
injury  to  the  skin  from  defatation  (Torkelson  and  Rowe  1981).  Evidence 
suggests  chat  1,1,2-TCA  is  embryo  toxic  to  chicken  eggs  (Elovaara  1979). 

1.1.2- TCA  was  found  Co  be  weakly  mutagenic  in  S.  Cerevisiae  (Torkelson  and 
Rowe  1981).  Oral  administration  of  1,1,2-TCA  has  been  associated  with  the 
induction  of  hepatocellular  carcinomas  and  pheochromocytomas  in  mice  but  not 
in  rats  (NCI  1978,  Weisburger  1977) 

EPA  has  classified  1,1,2-TCA  in  group  C  (Possible  Human  Carcinogen).  This 
category  applies  to  agents  for  which  there  is  limited  evidence  of 
carcinogeniccy  in  animals.  EPA  (1988)  has  derived  a  cancer  potency  factor  of 
5.7x10  ^  (mg/kg/day)'^  for  both  oral  and  inhalation  exposures  based  on  an 
increased  incidence  of  liver  tumors  in  mice  (NCI  1978).  EPA  (1988)  has  also 


H-39 


established  an  oral  reference  dose  (RfD)  of  4,0x10'^  mg/kg/day  for  1,1,2-TCA 
based  upon  clinical  chemistry  alterations  in  mice  given  3.9  mg/kg/day  in 
drinking  water.  (White  et  al  1985,  Sanders  et  al  1985).  An  uncertainty  factor 
of  1.000  was  used  to  calculate  the  RfD. 

Trichloroechene 

Trichloroethene  was  detected  in  groundwater  in  the  production  wells,  the 
monitoring  well  within  the  production  well  capture  zone  and  Area  5,  8,  16,  and 
17  wells.  It  was  also  detected  in  surface  water  in  the  Area  16  leachate  seep 
and  the  big  ditch. 

Absorption  of  trichloroechene  (TCE)  from  the  gastrointestinal  tract  is 
virtually  complete.  Absorption  following  inhalation  exposure  is  proportional 
to  concentration  and  duration  of  exposure  (EPA  1985).  TCE  is  a  central 
nervous  system  depressant  following  acute  and  chronic  exposures.  In  humans, 
single  oral  doses  of  15  to  25  ml  (21  to  35  grams)  of  TCE  have  resulted  in 
vomiting  and  abdominal  pain,  followed  by  transient  unconsciousness  (Stephens 
1945).  High-level  exposure  can  result  in  death  due  to  respiratory  and  cardiac 
failure  (EPA  1985).  Hepatotoxicity  has  been  reported  in  human  and  animal 
studies  following  acute  exposure  to  TCE  (EPA  1985).  Nephrotoxicity  has  been 
observed  in  animals  following  acute  exposure  to  TCE  vapors  (ACGIH  1986, 
Torkelson  and  Rowe  1981).  Subacute  inhalation  exposures  of  mice  have  resulted 
in  transient  trichloroethene -induced  increased  liver  weights  (Kjellstrand  et 
al.  1983).  Industrial  use  of  TCE  is  often  associated  with  adverse 
dermatological  effects  including  reddening  and  skin  burns  on  contact  with  the 
liquid  form,  and  dermatitis  resulting  from  vapors.  These  effects  are  usuallv 
the  result  of  contact  with  concentrated  solvent,  however,  and  no  effects  have 
been  reported  after  exposure  to  TCE  in  dilute,  aqueous  solutions  (EPA  1985). 
Trichloroechene  has  caused  significant  increases  in  the  incidence  of 
hepatocellular  carcinomas  in  mice  (NCI  1976)  and  renal  tubular-cell  neoplasms 
in  rats  exposed  by  gavage  (NTP  1983) ,  and  pulmonary  adenocarcinomas  in  mice 
following  inhalation  exposure  (Fukuda  et  al.  1983).  Trichloroechene  was 
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mutagenic  in  Salmonella  cyphimurium  and  in  E.  coll  (strain  K-12),  utilizing 
liver  microsomes  for  activation  (Greim  et  al.  1977). 

EPA  (1988)  classified  trie'  loroethene  in  Croup  B2'-Probable  Human  Carcinog 

based  on  inadequate  evidence  in  humans  and  sufficient  evidence  of 

carcinogenicity  from  animals  studies.  EPA  (1988)  derived  an  oral  cancer 

potency  factor  of  1.1x10'^  (mg/kg/day)‘^  and  an  inhalation  cancer  potency 
-  3  - 1 

factor  of  4.6x10  (mg/^g/day)  based  on  the  mouse  liver  tumor  data  in  the 

NCI  (1976)  and  NTP  (1983)  gavage  studies.  EPA  (1987)  developed  an  oral 

-3 

reference  dose  (RfD>  of  7.35x10  mg/kg/day  based  on  a  subchronic  inhalation 
study  in  rats  in  which  elevated  liver  weights  were  observed  following  exposure 
to  55  ppm,  5  days/week  for  14  weeks  (Kimmerle  and  Eben  1973).  A  safety  factor 
of  1,000  was  used  to  calculate  the  Rf D .  However,  this  RfD  is  currently  under 
review  by  EPA. 

1.3.5-TNB 


1,3,5-TNB  was  detected  in  the  monitoring  well  within  the  production  well 
capture  zone.  Area  4,  7,  9,  12,  and  17  groundwater  wells  and  in  surface  water 
in  the  Area  13  drainage  ditch  and  the  Area  16  leachate  seep. 

Information  on  the  toxicicty  of  1 , 3 , 5- trinitrobenzene  is  sparse.  It  has  been 
shown  to  be  mutagenic  in  DNA  repair  assays  (McGregor  et  al.  1980).  Acute  oral 
toxicity  also  has  been  demonstrated  with  LD,;,  values  of  572  mg/kg.  450  rag/kg, 
and  730  mg/kg  being  reported  for  mice,  rats  and  guinea  pigs,  respectively  (EPA 
1987).  Quantitative  information  on  nonlethal  effects  in  humans  and  animals  is 
lacking.  However,  exposure  n  humans  has  been  associated  with  methemoglobia , 
cyanosis,  headache,  nausea  and  other  effects.  An  oral  RfD  of  0.0025  mg/kg/day 
is  derived  by  applying  a  conversion  factor  of  5x10-6  to  the  oral  RfD  of  450 
mg/kg,  as  recommended  by  Layton  et  al .  (1986). 
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Vlnvl  chloride 


Vinyl  chloride  was  dececced  in  groundwater  in  the  production  wells,  the 
monitoring  wells  within  the  production  well  capture  zone,  and  Area  5  and 
16  wells. 

Vinyl  chloride  is  rapidly  absorbed  in  rats  following  oral  and  inhalation 
exposure,  while  dermal  absorption  of  vinyl  chloride  is  minor  (EPA  1985). 
At  high  inhalation  exposure  levels,  workers  have  experienced  dizziness, 
headaches,  euphoria,  and  narcosis.  In  experimental  animals,  inhalation 
exposure  to  high  levels  of  vinyl  chloride  can  induce  narcosis  and  death. 
Lower  doses  result  in  ataxia,  narcosis,  congestion  and  edema  of  the 
lungs,  and  hyperemia  in  the  liver  (EPA  1985).  Chronic  inhalation 
exposure  of  workers  to  vinyl  chloride  is  associated  with  hepatotoxicity , 
central  nervous  system  disturbances,  pulmonary  insufficiency, 
cardiovascular  toxicity,  gastrointestinal  toxicity,  and  acro-osteolysis 
(EPA  1985).  Experimental  animals  chronically  exposed  via  inhalation  or 
ingestion  have  exhibited  effects  involving  the  liver,  spleen,  kidneys, 
hematopoietic  system,  and  skeletal  system  (EPA  1984).  Feron  et  al . 
(1975)  found  that  administration  of  vinyl  chloride  to  rats  by  gavage 
resulted  in  hematologic,  biochemical,  and  organ-weight  effects  at  doses 
above  30  rag/kg/day.  Evidence  for  an  association  between  human  exposure 
to  vinyl  chloride  and  birth  defects  or  fetal  loss  is  conflicting  (EPA 
1987).  Human  exposure  to  vinyl  chloride  has  been  associated  with  an 
increased  incidence  of  hepatic  angiosarcoma  and  brain,  lung,  and 
hemolymphopoietic  cancers.  In  animal  studies,  chronic  inhalation  and 
ingestion  of  vinyl  chloride  at  levels  as  low  as  1,7  and  5  rag/kg/day  have 
induced  cancer  in  the  liver  and  in  ocher  tissues  of  rats  and  mice  (lARC 
1979;  Feron  et  al .  1981;  Maltoni  ec  al.  1980,  1981). 

EPA  (1988)  has  classified  vinyl  chloride  in  Group  A  (Human  Carcinogen) 
based  on  adequate  evidence  of  carcinogenicity  from  epidemiological 
studies . 
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EPA  (1988)  reported  an  oral  cancer  potency  factor  (q^*)  of  2.3 
(mg/kg/day ) *^  for  vinyl  chloride  based  on  the  long-term  ingestion  study 
in  rats  in  which  lung  tumors  were  observed  (Feron  et  al.  1981).  The 
inhalation  cancer  potency  factor  for  vinyl  chloride  is 
2.95x10'''  ( mg/kg/ day ) ''■  (EPA  1988)  and  is  based  on  a  chronic  inhalation 
studies  conducted  by  fialtoni  et  al .  (1980,  1981)  in  which  liver  tumors 
were  observed  in  rats. 

Zinc 

Zinc  was  detected  in  groundwater  in  all  areas  except  Area  3,  in  surface 
water  in  Area  16  leachate  seep  and  drainage  ditch,  ditch  A,  ditch  B,  and 
the  big  ditch,  in  sediments  in  Area  13  drainage  ditch  and  ditch  B,  in 
Area  9  surface  soils,  and  in  Area  8  and  9  subsurface  soils. 

Zinc  is  absorbed  in  humans  following  oral  exposure;  however, 
insufficient  data  are  available  to  evaluate  absorption  following 
inhalation  exposure  (EPA  1984).  Zinc  is  an  essential  trace  element  that 
is  necessary  for  normal  health  and  metabolism  and  therefore  is  nontoxic 
in  trace  quantities  (Hammond  and  Beliles  1980) .  However  exposure  to 
zinc  at  concentrations  that  exceed  recommended  levels  has  been 
associated  with  a  variety  of  adverse  effects.  Chronic  and  subchronic 
inhalation  exposure  of  humans  to  zinc  has  been  associated  with 
gastrointestinal  disturbances,  dermatitis,  and  metal  fume  fever,  a 
condition  characterized  by  fever,  chills,  coughing,  dyspnea,  and  muscle 
pain  (EPA  1984).  Chronic  oral  exposure  of  humans  to  zinc  may  cause 
anemia  and  altered  hematological  parameters.  Reduced  body  weights  have 
been  observed  in  studies  in  which  rats  were  administered  zinc  in  the 
diet.  There  is  no  evidence  that  zinc  is  teratogenic  or  carcinogenic 
(EPA  1984) . 
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EPA  (1988)  has  derived  an  ora]  reference ’dose  (RfD)  of  2x10'^  mg/kg/day 
based  on  studies  in  which  anemia  and  reduced  blood  copper  were  observed 
in  humans  exposed  to  oral  zinc  doses  of  2.14  mg/kg/day  (Pories  et  al. 
1967,  Prasad  et  al .  1975).  A  safety  factor  of  10  was  used  in  developing 
the  RfD. 
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LIST  OF  COMMON  AND  SCIENTIFIC  NAMES  OF  WILDLIFE  SPECIES  AT  LCAAP 


Common  Name 


Scientific  Name 


Birds 

Canada  goose 

wood  duck 

bobwhlte  quail 

wild  turkey 

woodcock 

mourning  dove 

Cooper's  hawk 

red- shouldered  hawk 

red- tailed  hawk 

sharp -shinned  hawk 

kestrel 

bam  owl 

screech  owl 

great  homed  owl 

common  flicker 

downy  woodpecker 

red-bellied  woodpecker 

red-headed  woodpecker 

common  raven 

common  crow 

fish  crow 

blue  jay 

loggerhead  shrike 
eastern  meadowlark 
robin 

Carolina  wren 
American  goldfinch 
homed  lark 
tufted  titmouse 
white-breasted  nuthatch 


Branta  ggna^epsi.q 

Mx  spon?a 

Collnus  virginianus 

Meleaeris  gallopavo  silvestris 

Phllohela  aihor 

Zenaidura  maqyouya 

Acciplter  cooperii 

Buteo  lineatus 

Buteo  jamaicensls 

Accipiter  striatus 

Falco  sparverius 

Tvto  alba 

Otus  asio 

Bubo  vlrginianus 

Colaptes  auratus 

Dendpocopos  pubescens 

Centurus  carolinus 

Melanemes  ervthrocephalus 

Corvus  spxflx 

Corvus  brachvrhvnchos 

Corvus  ossifraeus 

Cvanocitta  cristata 

Lanius  ludpvtgtapus 

Stumella  maena 

Turdus  migratorius 

Thrvo chorus  ludovlclanus 

SPinus  trigtU 

Eremophila  alpestris 

Fftrvs  kJLsglax 

Sltta  carolinensis 
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LIST  OF  COMMON  AND  SCIENTIFIC  NAMES  OF  WILDLIFE  SPECIES  AT  LCAAP 

(Continued) 


Common  Name 


Scientific  Name 


Mflnnnal  s 
coyote 

white -tailed  deer 
gray  fox 
red  fox 
muskrat 
opossum 

eastern  cottontail  rabbit 
raccoon 
striped  skunk 
fox  squirrels 


Fish 

largemouth  bass 
blueglll 
green  sunfish 
channel  catfish 
blue  catfish 
golden  shiner 


Cania  latrans 
Odocoileus  vjrginianvg 
UrocYon  cinereoargenteus 
Vuloes  falva 
Ondatra  zibethlcus 
Didelphis  vlyginiana 
Svlvilagus  aouaticus 
Procvon  lotor 
Mephitis  mephitis 
Sciurus  niger 


Microp terns  salmoides 
Lepomls  macrochlms 
Lepomis  cyanellus 
Ictalurus  punctatus 
Ictalurus  furcatus 
Notropis  crvsoleucas 
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